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CHAPTER Lf. 


The Madura district——Famine—The Periyér investigations for extending irrigation, 
Proposals put forward ; estimntes end designs finally sanctioned. 


* 


HE Madura district of the Madras Presidoncy is bounded on tho 
north by the Trichinopoly district, on the south by the Tinnevelly 
district, on the east by the Bay of Bengal, and on the west by the 
western ghauts. There is but one drainage system of importance in 
the district, the river Vaigai. Tho present condition of the country 
through which it rums cannot be better described than in the language 
nsed by Major Ryves, R.E., in a report, dated ith August 1867, 

“The principal division of the Madura district, consisting of the three 
taluks~Mélir, Madura and Tirumangalam—is a strip of country running 
north and south; its eastern boundary marching with the adjoining zamin- 
dary estates of Sivaganga and Ramuad ; and on tho west separated trom 
the Dindigul division of tho district by tho mountains and jumple, which: 
extend almost continuously from Nattem on the north to Srivilliputtir on 
the south, where they run into the general range of the western ghauts, 
which here separate British territory from the Travancore country. 

“tg area, excluding uninhabited mountain and jungle, 1s about 1,200 
. square miles, with a population of very nearly half a million, 

“The Vaigai river, passing through the only opering in the hills which 
form the western boundary, flows across the strip; the length of its course 
Letween the Hmits above defined being about 33 miles. In this length 
several river channels are taken off, most of them to fill tanks during the 
short and uncertain periods of Vaigai freshes. The prinerpal channels are 
the Vadakarai, the Tenkarai, the Nellayoor, and the Madacolum. 

— $6'The two first have the advantage of anicuts across the river at their 
heads; the other two as well as all the other channels are supplied by 
means of temporary apurs (made of grass and sand—corumboos) run out 
into the river. | 
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“Tho numerous tanka supplied by the channels. were many of them 
first class reservoirs originally, but are now so silted up as to be.capable of 
storing not much more than half the quantity of water they were designed 
to hold; they oecupy a great deal of valuable land, and, in the attempt to 
get as much water 48 they require, the ryots of one tank frequently cause 
injury to their neighbours above them, damming up their escape caling wahs. 
and flooding land by the extended waterspread. 


«The tanks having become shallow in proportion to the area of the. 
waterspread, there is enormous waste of valuable water by evaporation. 
T calculate that this waste amounts to at least 380 per cent, of the water 
stored. 

The character of the Vaigai makes the tunks system essential. For. 
some reason or other the quantity of water received into the channel of the 
river bears a very small proportion to the rainfall on its catchment basin. 
The average annual rainfall registered at Périyaculam and Madurais 32 and 
41 inches, respectively. On the Cumbum valloy (where no register has been 
kept) itis at least as much as at Periyaculam ; in the Wursanaad valley itis 
probably less. Taking it at 33 inches only over the whole catchment basin 
above the Peranny* it would amount to 3,600 millions of cubic yards por 
annum, and supposing that only one-third of this found its way into the 
streams and rivere so as to be available for irrigation there would be moro 
than enough (with due allowance for the onormous waste on tanks) for 
_ three times the extent of paddy crop now raised. " 


“Yet it is affirmed by good authority that, in an average year, not a 
drop of Vaigai water reaches the sea ; but this I think is hardly sufficiently 
well established to be accepted as the fact. My belief is that sufficient 
water for more than double the present area of irrigation does flow down 
the Vaigai, but that three-fourths of the annual eupply passes down the 
-_yiver at three times the rate at which all the channels together can draw oft 
water from it, se that if the big freshes could he detained, so as to spread 
over, say, 60 days, instead of running off at three times the rate in 20 
daya, it would be found that there would be water enongh (if the tanks - 
could contain what it would bo necossury to store) for double the area of » 


rice-crops. 
a, However this may be, there is no doubt as to the main fact that the 


supply of water obtained from the Vaigai is so precarious and scanty that. 


even in good years the paddy crop barely covers 22,000 acres annually, 
although the existing tanks and channels command land enough and have 


sufficient hydraulic capacity, for the irrigation of fully double that extent. 


A 


# An anieut near Madura. 
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~ of crap if only a sufficient supply of water, dcliverea ata regular moderate 


Fate, be ensured, 


“This Vaigai irrigation is situated in the Madura taluk, the middle one 
of the three named above: In the Méliér taluk there is but one river, 
and that but a small stream, at ita northern extremity, under which a small 
extent of land raveives 4 giod and certain supply. All the rest of this 
taluk is depend: nt for irrigation on the local surface drainage, stored in: 


small shallow tanks, the majority of them being mere ponds. Situated as 


all the land of this taluk is within a faw mites of the watershed, there are 


‘no well-defined streams; the Allighiry hills form a dyke turning all the 


* 


ef tho watershed line on the western ghauts is an enormous area of 


hill streams to the north and south round the flanks of the taluks. =. 

‘¢The North-East monsoon from which this taluk receives what rain it 
does get, is very uncertain so far south and inland, and the mountaina to, 
the west of it (the streams from which, as above shown, do not flow through 
this taluk) no dvubt draw away from it a considerable portion of the rain 
cloud which may have travelled so far. 

‘ Tuder these circumstances it is not surprising that agricultural opera- 
tions are seldom rewarded by a good crop. If the ryot is so fortunate 
as not to find the ground as hard as brick at the ploughing scason, the 
chances ara that rain necessary to bring the crop to maturity will not fall: 
at the expected time. 

“And the cultivation of wet crops is hardly a l¢sa precarious business, 
failure being attended with greator loss, and suceosa attained generally at 
much expense of Inbour and money on raising water from wells and pools. 

« Almost every alternate season is one of scarcity in this taluk, and, 
when an exceptionally dry year occurs, there is severe distress, and the 
population is thinned by death and emigration. In 1861-62, and again. 
last year, it suffered severely } in this way.” 
scarcity, though information of the expenditure for this cause is not 
available till comparatively recent years, During tho famine of 
1876-77 Rs. 4,382,170 was expended on rolief works and Rs. 7,92,047 
on gratuitous relief in the Mgdura district, whilo m the neighbouripg 
districts of Trichinopoly and Tisnovelly, which are partially protected 
by. irrigation, the expenditure on relief works was Ns. 3,85,394 and 
Rs. 1,48,110, respectively, and on gratuitous relief Rs, 1,20,626 and 
Rs. 1,27,901. Moreover in a district already containing considerable 
irrigation works the expenditure is far more usefully employed. The. 
loss of revenue and of life are quite beyond computation, | 


While such is the condition of the Madura distrigt, on the other side: | 
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— wneultivated and uninhabited jungle, with a large and unfailing yearly 
_vainfall and with great quantitios of water running to waste. Among - 
the rivers receiving this drainage is the Periydy. Its sources lio in 
~. dense uneurveyed jungle and are not accurately known, but it rises 
about 50 mites north-west of Palameottah, approximately in N. Lat. 
9° 10’, and runs from south to north till it reaches N. Lat. 9° 3V’, 
where it turns due west for a short distanve, during which its course is 
parallel to the watershed and within a few miles of it. It then resumes 
a northerly direction gradually tronding westwards, and eventually 
plunges over the edge of the ghauts aud reaches the sea near Cochin. 
It is in the short westward course commencing in N. Lat. 9° 30’ 
‘ that the investigations for tho utilisation of this river were conducted. 


Flowing as the Periydr docs through a tract of country entirely 
uninhabited no accurate observationa of the rainfall as compared with 
tho run-off have been made. The following tablo is compiled from the 

nearest atations at which obscrvations arc made, but no deduction from — 
them is reliable, partly because these stations are themeclves some dis- 
tance away, and partly bevause even if they were uearer the rainfall 
throughout the western ghauts often varics cuormously within a cw 
miles. At Pccrmaad, which is less than 20 miles west of the subsequent. 
site of the Periy4r dam, the annual rainfall often exceeds 200 inches. 
At Thekadi, which is but 6 miles away, the fall diffcred considerably 

both in amount and distribution from what was afterwards observed 
at the PeriyAr. ‘For the samo reasons the observed rainfall at the dam 

 gite or near it is no measure of the fall over the whole catchment :-— 


Average recorded rajufall vt 
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‘The average of the three stations in the above table is 125 inches per 
annum, and the average as deduced from the run-off observed during 
the investigations from 1868-72 is 68 inches. The proportion of run-off 
to rainfall may be considered high, but it must be remembered that the 
area of the catchment is tomparatively smnil and in great part sheltered 
from the sun by forest, there are many cloudy and misty days during 
the year, the country is mainly ridges and ravines, and composed of 
- rock hghtly covered by soil, and tributaries have all rocky beds. For 
purposes of caloulation both of floods and of the total available quantity 
of water the rainfall over the whole catchment has generally been taken 
at 100 inches per annum, since the fall during the South-West Monsoon 
was known to be greater, at the site of the dam, than the computation 
from ran-off. There is reason however to believe 100 inches to be some- 
what over the mark. The records maintained at the dam during its 
construction show an average of about 76 inches, and it was observed. 
that the fall due to the South-West Monsoon decroased sensibly during 
its progress eastward. In the most easterly portions of the catchment 
the North-East Monsoon doubtless brings more rain than that recorded. 
at the dam site, but its duration is comparatively so short that it prob- 
_ably does not make-up for the easterly decrease of the South-Weast 
rainfall. Assuming tho average to be 70 inches or 80 inches and the 
eatchmont to be 250 square miles, the whole of this quantity at any 
rate, leas evaporation and small minor abstractions, falls into the 
Periyér, because of the impervious nature of the subseil; and though 
the rainfall is variable it never fails altogether. There is obviously 
then an amount of water flowing down the Periydr sufficient for 
a large area of irrigation, could it only be diverted to the plains 
of Madura, and this was the object of the investigations now to be 
described. 


The idea of diverting the Periy4r into Madura has existed for an 
unknown time, but merely as an idea. No enquiry was mado into its 
practicability till 1808, when the late Sir James Caldwell visited the 
neighbourhood and took a few levels. He however seems to have con- 
fined himself to a diversion, pure and simple, by means of a direct 
cutting from the Periyér through the watershed, and finding a rise of 
over 100 feet between these two points he condemned the project as 
‘decidedly chimerical. and unworthy of any further regard,’ which 
as thus conceived it undoubtedly was. The subject was mooted in a 
desultory manner from time to time, and in 1850 a small dam ‘and 

B 
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channel were actually begun for diverting a small tributary of the 
Periyér, the Chinna Muliydr, but the work was stopped by fever among - 
the coolies and by the excessive wages demanded by them, a forecast of 
two of the principal obstacles which were afterwards encountered. 

It was not till 1862 that the project was tevived by Major Ryves 
R.E., in a practical form, This officer and Major Payne spent several 
seasons in local investigations, experiencing great difficulty from the 
uninhabited and inhospitable nature of the country, the incessant rain, 
the absence of paths, the dense jungle and elephant grass, and the 
swarms of leeches; and also from the fever which was exceedingly rife 
during the dry months. In 1867 Major Ryves submitted detailed pro- 
posals including an ecarthon dam 162 feet in height at the site marked 
No. lin the map. An escape was to be made at 142 feet above the 
river-bed, and the water was to be diverted into the valley of the Vaigai 
by a cutting through the, watershed at the point marked A, having its 
sill 17 feet. below tho escape crest and a maximum depth of cutting of 
about 52 feet. No provision was made for controlling the’ discharge 
through the watershed cutting; but in order to prevent a flow into the 
Surnliydér * beyond what that stream could safely carry, it was proposed 
to construct a reservoir with a capacity of 945 millions of enbie feet 
at some point not fixed between the Suruliy4r and the watershed. No 
other provision for storage was made, the project being essentially one 
for the diversion of the river and not for storage of water. Then, as 
afterwards, the principal difficulty was foreseen to be the control of the 
river during the construction of the dam, and it is interesting to note the 
manner in which Major Ryves proposed to deal with it. The unhealthi- 
ness of the country limited the working season to the period between 
June and February and the dryest and best months of the year wore 
thus lost for working in the river-bed when the discharge was at its 
lowest. The high discharge during the South-West apd North-East 
Monsoons still further limited the time available for foundations to a 
possible 30 days in August and September, and the 3} months commenc- 
ing with December. Starting with these premises Major Ryves proposed 
to begin work in June by depositing large rough stone in the river-bed 
to a height of +32, leaving a clear opening of 465 feet on the loft flank 
through which he judged the river would flow with a velocity of about 5 
feet a second, with a surface level of + 3. As soon after the North-Hast 
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* The large tributary of the Vaigai in whose bed the Periyér was to flow. 
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Monsoon as the discharge fell to 750 cubic feet a second the surface 
level would be raised to +12 by a temporary dam across the 45 foot 
gap, the water flowing through the interstices in the stone dam. In the 
comparatively still water thus induced a front bund (a) was to be made | 
by depositing earth from boats to a level of +8. Four syphons 4 feet 
diameter were then to be put up and filled, to take the whole discharge 
of the river; the temporary dam across the gap was ts be removed, and 
the surface level in front would fall to +8 leaving the top of bund (a) 
dry, it being protected during the fall of the water by a covering of 
halved bamboos lashed together and weighted with stones. A rear bund 
of earth (5) could then be completed and the enclosed space pumped dry. 
The bottom layers of puddle lining and of the main earthen dam 
could then be carried on inside, and at the same time the front and rear 
bunds (a) and (4) and the stone dam raised. When the front and rear 
bunds reached +20 and +135 two of the syphons were to be raised, fol- 
lowed by the other two, and their former positions made good. The 
whole was thus to be raised in two foot layers, the bunds (a) and (6) 
always 5 feet to 10 feet higher than the enclosed space, and the stones 
dam 15 feet highor, with a corner always left open for the discharge of 
_gasual freshes, By the middie of February Major Ryves caloulated that 
the earth and puddle would have reached a level of -+ 20, and the stone 
dam would be continued across the gap and be ata level of + 42. In 
this condition he intended to leave the work till the next season, the rear 
bund (4) being covered with halved bamboos loaded with stone, his 
computation being that the proportion of the river discharge which per- 
colated through the stone dam would have a velocity of only 14 feet 
a second, while that flowing over the top would run at about 64 feet 
asecond. A certain amount of damage would, he allowed, occur to tha 
rear slope of the stone dam, but not enough to materially endanger it, 
So far as Major Ryves’ observations showed the stone dam at this 
level was capable of passing through its interstices the whole -discharge 
of the river from June to November for 9 days out of 10. He therefore 
considered that thisdam might be continued throughout the whole of the 
working season, and also the earth and puddle on one flank. During the | 
dry season the latter would be brought up to a uniform level the whole 
way across, and in this manner he oalculated that by the fourth season the 
work would be brought up to the level of a saddle at + 110, across which 
all the water would then be passed, and from this point onwards the 


atone dam in rear could be discontinued. On the completion of the main _ 
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dam the saddle was to be built up with masonry to a level of +142, at. 
which it would be left as a permanent escape. He even believed that 
the whole work could be completed in four seasons, or in three if very 
dry and iavourable, but he thought it advisable to allow the longer 
period in order to give the earth plenty of time to settle. 

The approximate cost Major Ryves placed roughly at the following 
figures -— 


Rs, 
| Preliminary works a 7 11,000 
Dam and escape .. ee »» 8,67,000 
Cutting through watershed .. 98,12,060 
Reolat! + Rs. 17,49,000. 
tepuiating reservoirs 7 -» 75,000 
Works in the Suruliydr .. _ 80,000 
Distribution works 7 »» 4,04,000 


These figures, as well as the general proposals, are instructive as show- 
ing in how gradual a manner @ true appreciation arose not only of the 
maguitude of the scheme and the expense attending it, but also of the 
special difficulties and uncertainties that must inevitably attach to its 
accomplishment. But those were the days when the name of Arthur 
Cotton was fresh in the land and the Gdéddvari and Kistna Irrigation 
Projects had just been successfully ecstablished, and it was the traditior?: 
oi the Madras Engineers to shrink from no task, however gigantic, and 
to make light of all obstacles, 


The details of the schome described above camo in for considerable 
criticism, although there was a general consensus of opinion as to its 
advisability ; but it was recognised that the available information was as 
yet insufficient, and further investigations were committed to the charge 
of Lieutenant Pennyouick, B.E., and, after that officer’s departure to 
Kngland on medical certificate in 1870, to the late Mr. R. Smith; and 
during their enquirics a certain amount of road and path-making waa 
carried on in the neighbourhood to improve the communications against 
the time when they should be wanted and to accustom labourers to the 
strange environment. As tho situation grew clearer it became evident 
that the expense would be much greater than had been imagined and 
. that it would be hazardous to attempt to control tho river during con- 

struction In the manner proposed by Major Ryves. Though the esaene 
tial features of his scheme were retained numerous modifications were 
suggested. ‘hese wore principally of the nature of culverta under or 
through the dam or tunnels round the flanks, and laboured under the 


& 
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' disadvantage of enormous cost as long as the dam was of earth with a 
very wide ,base and the noccssity of allowing no water to flow over 
it was paramount. The inhcrent disabilities of an earthen dam more 
than 150 feet high were considered tp have becn overcome by the uso 
of the “Silting process,” of which much was at that time oxpected. 
Meanwhile two new sites, marked 2 and 3 on the plans, were examined 
and found to possess material advantages over No.1, but these were 
ultimately abandoned in favour .of the site marked 4, 7 miles lower 
down the rivor, which was, in many respects, superior to’ all the upper 
sites. The rivor bed herofis 34 feet lower than No. 1 site, but, by its 
adoption, the water can cross the- watershed at the point marked B, 
which is 47 feet lower than A, showing a saving of 13 feet in the height 
to be overcome, The ground between the sites 1 and 4 is flat and 
open as compared with that above No.1, so thata dam 168 feet high 
at No. 4 stores moro than double the quantity impounded-by a dam 
of 220 feet at No. 2, while the drainage arca available is 8305 square 
miles against 250. No, 4 site was therefore definitely adopted, and it 
was further decided that the relative levels of dam and offtake should be 
such as to allow of the storage of sufficient water to overcome all fluctu- 
ations in the dischargo of the river, and to allow a regular equable 
supply to be passed, under complote control, into tho Suruli valley. A 
project complete in all details was finally submitted by Mr. R. Smith in 
April 1872. His proposals included— 

(1) A dam, 175 feet in height; to be constructed of earth by the 
silting process, with an escape 400 feet in length blasted out of the 
saddle on the right flank of the dam. The construction of the dam 
involved, as a subsidiary work, the excavation of a tunnel 428 feet in 
length with an area of 1,064 square feet, with cuttings at each ond 
aggregating in contents nearly 4$ millions of cubic feet for the passage 
_ of the water temporarily. 

(2) A tunnel 7,000 feet in length under the watershed ridge, with 
cuttings at its two onds. -The sill of the cutting on the lake side was 
to be 113 feet above the rivor bed, the space between this level and that 
of the escape crest (-++ 144) allowing 6,815 millions of cubio feet of water 
to be stored. For controlling the entrance of water into the tunnel an 
elaborate system of regulating sluices estimated to cost Rs. 71,000 was 
. provided. 
| (3) A seriga of regulating sluices for passing the Periy4r water’ 

' round the flanks of the various anicuts on the Suruliyér. 
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(4). Works for the. distribution. of water. for the. irrigation | of 
“150, 000 acrea of land in the Madura and Mélar taluks, 


‘The total cost of the project was estimated at Ra. 58,99,700, exclusive 
of interest, indirect charges, and any payment to the Travancore Govern- 
ment for the use of the water. The returns were estimated at Rs. 6,904,000 
less 10 per cent. for maintenance. 


Mr. Smith’s proposala were generally approved, but the execution of 
the project was opposed by General Walker, R.E., then Chief Engineer, 
mainly on the ground that sufficient experienco had not been gained 
of the silting process to justify entire confidence in it for a work of such 
magnitude. He suggested certain qualified proposals, some of which 
had already been considered and rejected; and further consideration 
showed that the project must be carried out in ita entirety or not at all. 


The adyisability of constructing a masonry instead of a ailt dam 
was also mooted, and a further report was called for from Captain 
Pennycuick and Mr. Smith. Mr. R. Smith stated that he had at one 
time been in favour of a masonry dam and that ho would have prepared 
a detailed estimate for it when maturing the Periydr scheme, had not 
his approximate caleulations indicated that such a atructure would be 
too costly to recommend, He considered that to close the valley wits 
a wall of first-class rubble masonry would require an outlay of 19 
lakhs of rupees, and he assumed that such masonry would cost over 
Rs, 29 per 100 oubic fect, while his estimate for the silt dam was 
5°226 lakhs of rupees. Of all the estimates submitted from beginning to. 
end 1t may bo remarked that this of Mr. R, Smith’s for am... 27 dam~ 
was by far the nearest to the actual cost eventually incurred. Captain 
Pennycuick reported more at length, first on the arrangements for passing — 
the river freshes under the dam during construction, and secondly on 
the substitution of masonry for earth or silt. As to the first point his | 
estimate for an area of 1,064 square feet was— 


RB. 
Foratunnel ,. cea - ., 6,638,500 
For a masonry culvert ., oo one 1» 5,20,000° 
For a cement concrete culvert . oo ++ 7,560,000 © 
For an area of 600 aquare feet his estimate was—— | 
Foratumnel. ..  .. 4s os 1s §64,50,000 
° For a masonry culvert .. - o. ». =§,00,000« 


For a cement concrete culvert ., = «. ws 420,000 
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_ With regard to the ‘second point Captain Pennyouiok proposed a 
dam with section based on Molesworth’s formula and’ having front and 
rear faces of aclid masonry with longitudinal and crosa walla of the 
same materials, 6° fect thick, the cella formed by these walls being filled 
with concrote. 

These arrangements and the details of construction were objeoted to 
as Involving risk of unequal settlement, and Captain Pennycuick in later 
proposals gave the objection due weight. Hoe also reconsidered the quea- 
tion of allowing the freshes to pass over the dam during construction or 
of passing them under it, and in the event of the latter arrangement 
_ being preferred he proposed to form culverta having a waterway of 
1,800 square feet so as to reduce the velocity of discharge. This was a 
matter of importanoe, since the highest then recorded flood represented 
a discharge of nearly 50,000 oubie feet'a second, involving a velocity 
even with this area of nearly 24% feet a second. Itwill bo seen that 
two principles were gradually being established, first that it was praoti- 
cally impossible to prevent the occasional submersion of the dam during 
construction, and second that this precluded the idea of an earthen dam 
in any form. At that time large masonry dams were little known to 
any but French Engineers, and the hesitation in admitting the necessity | 
for one is easily comprehensible. 

The Government of Madras wished the whole matter referred to 
the best English opinion and with this recommendation forwarded 
the estimates to the Government of India, The latter, however, con- 
sidered that the oxperionce of Engineers in India in the construction of 
irrigation works. must far exceed that of Engineers of any other 
country in the world and they offered to appoint a committee of high 
standing, selected from Bengal, to which an officer of the Madras 
Public Works Department having complete knowledge of the locality 
and of the details of the project might be added. This not meeting the » 
views of the Government of Madras, the enquiry into the probable returns 
of revenue not being completed, and the severe famine of 1876-77 at 
that time occupying all funds as well as all attention, the matter was 
temporarily put aside, but meanwhile the Revenue Department continued 
their enquiries and ultimately reported that an eventual net return of 
Rs. 5,99,000 per annum might fairly be looked for. 


No further action of a practical nature was taken during the onauing 
_ 8X years; but there was a great deal of desultory discussion, in the 
course of which the arrangements gradually took a definite and less 
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debatable shape, while the conviction that the substitution of masonry 
or concrete was a necessity decpened in the minds of all the officers who © 
considered the subject. Finally the whole of the papers were handed 
over to Major Pennycuick, who was directed by an order, dated the 8th 
May 1882, to be relieved of other duty with a view to his under- 
taking tho revision of the plans and estimates for the antire project; and 
this officor submitted in the same year a report, with detailed estimates 
which wero eventually sanctioned. Such of the proposals as relate to 
the head works are here reproduced in extenso, in order to mark the 
departures which took place during actual construction. 


“The height of the dam properis to be 155 feet from the bed of the 
river, with a parapet 4 feet in height and 4 feet in thickness. The thick- 
ness of the dam proper is to be 12 feet at the top and 1154 feet at the 
lowest part. It is to be constructed throughout of concrete, composed of 
25 parts by measure of hydraulic lime (ground but not slaked), 36 of sand, 
and 100 of broken stone, 

‘‘The front face is to be plastered with plaster composed of equal parts 
of lime and sand. 

‘The lime will be ground, the stone broken and the concrete mixed by 
machinery driven by a turbine, the power for working which will be obtained 
from the river itself. 

“The concrete will be conveyed from the machines to the point where it 
is required for use by a wire tramway, and rammed by machine. — 


‘A temporary dam, 30 fect in maximum height, will be constructed 
above the sits of the main dam, and a similar dam 10 feet in height below the 
site to enable it to be completely cleared and the foundation trenches blasted 
out before the main dam is begun. These dams will bo constructed of 
material similar to that of the main dam. 


‘In order to provide for the passuge of river water during construction, 
two culverts with an area of 96 square feet each will be cut through the 
rock on the left bank of the river; they will be closed by an equilibrium 
shutter with gearing so designed that the velocity through the culvert can 
never exceed 20 feet per second, but that subject to this limit the gate shall 
open or close 3 feet for every foot of rise or fall in the level of the water 
above the dam. | 

‘On the right bank will be a similar culvert with one-fourth of the area 
for supplying the turbine which drives the manufacturing machinery, The 
gearing of the shutters of this culvert will be so arranged that, under 
ordiaary circumstances, it will pass only the amount of water required for 
the turbine, but that on emergency it may be made to pass any quantity 
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up toa maximum of 960 cubic feet a second, giving a maximum velocity 
of 20 feet per second. 

“The two culverts will thua pass if necessary 4,800 cubic feet a second, 
and so long as the ‘discharge of the river does not exceed this amount (that 
is, for 19 days out of 20), the water level above the dam may be maintained 
at any desired level, from which it will not vary by more than 2 feet at — 
the most. - 

‘“ For the formation of escapes two saddles, one on cach bank, will be 
utilised. That on the right bank has solid rock at a minimum level of 
+ 154 and will be cut down for a length of 420 feot to a lovel of + 144. 

“ On the loft bank the solid rock is at a level of -+ 104, and tho saddle will 
be built across with materiul similar to that of tho main dam to the same 
level (-+ 144) as that of the right bank escape. The wall thus formed will 
have a length on its crest of 403 feet ; and a further length of 97 feet,” 

making 500 feet in all, will be obtained by cutting away the rock at its two 
ends. The two escapes will thus have an aggregate length of 920 feet. 
Ata distance of 60 feet from the eseape wall on the left bank will be built 
a second wall 10 feet in height, with its crest 30 feet below that of the first 
wall, to form a water cushion. | 

‘In the valley of the Muliapanjdn (a tributary of the Periydr on the 
right bank) a cutting will be started at + 113, running northwards, 21 
feet broad with a fall of 1 in 440. When the depth of the cutting (in rock) 
reaches 30 feet, which will be at a distance of 5,400 feet from its starting 
point, it will be replaced by a tunnel with an area of 80 square feet and a 
fall of Lin 75. At ita lowerend the tunnel will communicate with the bed 
of the small stream, up whose valley the Gidalir Ghaut Road now runs, by 
a cutting similar to that at its southern end. The length of this cutting 
will be 160 feet and of the tunnel 6,650 feet. 

‘At the entrance of the tunnel will be placed an equilibrium sluice 
similar in principle to that used for the escape culverts under the main dam, 
by which the discharge can either be regulated at pleaspre or maintained 
automatically at any fixed amount. 

‘The existing Giidalir Ghaut Road on the main line of communication 
between Madras and Travancore passes close to the mouth of the tunnel, 
about 8 miles from the site of the dam. From this point a road will be 
constructed to the dam for the conveyance of materials, stores, &c. Traction 
engines will be used for the purpose, as the nature of the ground admits of 
a remarkably fayourable trace, there being no gradient against the traffic of 
more than 1 in 600, while fuel is cheap and animal power exceedingly dear, 
For the conveyance of lime, grain and all. materials which can be carried 
‘n small parcels up the ghaut a wire tramway will be used, the ghaut road 
xeing-only used for articles too heavy to be carried in thia manner. 

OQ 
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‘The working season in the Poriyér valley is from the burst of the : 
 South-Weat Monsoon in June to the end of February, and as the few days of 
‘June which will be available for work will usually be absorbed i in the collec- 
tion of labour and preliminary arrangements for the goason’s work, the net 
working time is taken at 8 months of 25 days each or 200 days in all. The 
head works are estimated to take five seasons in construction, besides one 
of preliminary wors which will be taken up by the construction of the road 
and laying out of the buildings, clearing of ground, and similar matters. 
The cuttings of the escape culverts and the erection of machinery will be 
taken in hand immediately on the gpening of the following season, and 
during August and September when the discharge of the river is small the 
temporary dams will be built. By October of this soason it is expected that 
_ the actual construction of the main dam will be begun. 


i‘ The surveys show clearly enough that there is no site above that chosen 
which can in any way be compared to it, it is also known that therois no 
depression in the watershed ridge lower than that at the Gtidalir Ghaut _ 
head, while the fall of the river below tho site is exceedingly rapid (25 feet 

“per mile) and it turns away in 4 north-westerly direction, thus diverging 
from the watershed ridge. The rock, both in the river bed and on the 
watershed ridge, is a hard sienite, free from fissures, and suitable both as 
a foundation for the dam and « material for its construction. 


‘The levels of escape crest and cutting sill are the same as those 
provided in Mr. Smith’s project, which aro the most suitable taking al 
points into consideration, whether the dam be of earth or masoiry. It 
order to store the same amount of water between the sill ofthe cutting anc 

the crest of the escape the relative levels would have to be— 





« Outting sill. + Esoape. Top of dam. Cost. 





“5 


+ There is very ttle variation in tho total cost between the 100 and 12( 
levels; the level chosen is, on the whole, the most economical, and has th 
‘ additional advantage that it gives a length of tunnel and a.content of dar 


which oan conveniently be executed in the same time without the use of 
_ shafts for the former. | 7 

‘* Most modern dams of any magnitude lave been built of uncoursed 
rubble masonry. Ooncrete is nothing more than uncoursed rubble reduced 
_ to its simplest form ; as regards resistance to crushing or to percolation the 
value of the two materials is identical, unless it be considered as a point in - 
favour of concrete that‘it must be solid, while rubble “may, if the super- 
vision be defective, contain void spaces not filled with mortar. The selection 
between the two depends entirely on their relative cost. In many cases, 
probably in the majority, the cost of preparing the stone and of mixing and 
laying the conorete exceeds that of building the rubble, the quantities of 
materials in both being practically identical. At the Periydr, however, 
skilled labour is abnormally expensive and difficult to procure in large 
quantities, while the facilities for the use of labour-saving machinery, which 
can be largely used in the manufacture of concrete, are unusually great. — 
On this ground after full discussion it has beon decided to adopt the latter 
material. . 

‘The analysis of the lime to be used shows a great similarity to the well- 
known ‘ ‘Theil’. lime employed on all the large dams near St.. Etienne and 
on the Suez and Port Said harbour works. A limit of crushing resistance 
equal to that allowed in the French dams may be accepted. The principle 
ca which the pressures on the rear slope are calculated forms the subject 
of a separate note; calculated on this principle the Ban dam has a maxi- 
mum pressure of 17,985 lb. on the square foot, and the La Terraase 
19,788 lb. I have not been able to obtain a section of the Furens dam 
in sufficient detail to enable the pressure to be acourately calculated, but it 
is about the same asin the Ban, or about 18,000 lb. on the square foot. The 
section designed by Rankine in his memorandum i in connection with the 
Bombay water works would have a maximum pressure of 22,058 1b. It is 
considered therefore that the limit of 18,000 lb..may safely be adopted, and — 
the section has been designed to fulfil the following conditions :—~ 

(1) That the lines of pressure shall always fall within the middle 
third of the dam. 

(2) That the pressure on neither face shall exceed 18,000 Ib. on the | 
: square Loot. | , 

‘With the reservoir ontirely empty, there will be a trifling exceas of 
-pressure on the front faco, but this case will not occur in practice, as the - 
_ water level will never fall below 113 feet above the river bed, and the c 
: ditions would be fulfilled even were it 28 feet lower than this, During - 
’ onstruction the water lovel will be raised to +90 or + 100 before ‘the : 
* upper 30 feet qf the dam is built. | 
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‘The quantities have been estimated on the supposition that every 
hundred cubic feet of concrete will require 60 cubic feet of solid stone plus 
10 per cont. for wastage, 25 cubic feet of unslaked lime and 380 cubic feet 
of sand. The two latter materials will make 45 cubic feet of mortar, 80 
that the allowances are rather in excess of what will be wanted in practice. 
Surki is not required, the lime being naturally hydraulic. Excellent sand 
is procurable from the bed of the river.” " 


Then follows a detailed description ef the machinery with which 
Captain Pennycuick proposed to break the stone, prepare mortar, mix 
concrete, convey it to the workspot, and ram it. Such of this machi- 
nery as was oventually used will be treated separately. As to the 
motive powor his report is as follows :-—~ 


‘The circumstances so obviously enjoin the use of water-power that a 
discussion upon the point seems unnecessary, but it may be worth while to 
state briefly the relative cost of water and steam for the 200 H.P, required 
at the dam site. The cost of the former is— 








Ra, 
Turbine, shafting, do. .., one vee _ vas «s+ 16,000 
|. Repaira and maintenance bs ves tee an ws 6,000 
Labour aes hea 1+ ave nna ane 1+s een 3,000 
Culverts and regulating gear. oes “ss 7 we: 14,000 
88,000 
Leas the stone ased in the installation, otherwise available 
for the dam ee ne ve ass vee ves oe «=: 8, 700 
29,300 
of Ra, 146% per horse power. 
For steam the cost would be— 
Ra, 
One 20 H.P. portable engine .,, was see eas oo = 7200 
Repaira and maintenance ane on une ar: ine 2,600 
Belting, &ea, Te LT: ana ane TT rei TT 1,500 
Fuoi, lubrication, and water... bes Lo ws we =: 6 500 
Attendance use ene aa rrr’ ave pen nee 2,000 


Total per 30 net H.P, ,,, 20,000 
or Rs. 667 per horse power, 


‘A single fixed engine would berather more economical as to first cost, 
fuel, and attendance, but the cost of setting and foundations would be very — 
- great, and for many reasons if steam were used at allit would be in the 


_.,. form of a number of portable engines. The difference between the cost of 


ateam and that of water would thus be not less than Re, 94,000, while the 


v 
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latter has the additional advantage of being capable of inorease fully 30 
"per cent. if required, at a merely nominal expense, 

“The length of the right bank escape 1s fixed by the quantity of stone 
required for the dam. The total required is 3,600,000 cubic feet, of which 
1,400,060 are brought from the watershed cuttings, the cost of conveyance 
being less than quarrying afresh, About 600,000 cubic feet is available | 
from the temporary escape cuttings, from the foundation” trenches, the left 
bank escape, and from boulders and loose rock removed in clearing the 
ground, leaving a balance of 1,600,000 cubic feet to bo obtained from the 
right bank escape. ‘he length required to give this quantity is about 420 
feet, making with the escape on the loft bank a total of 920 feet. 


‘Taking the total at 900 feet and the discharge from the highest recorded 
flood (a very remarkable flood indeed) it is calculated that the water level 
would be raised to +153°15. The level of +155 has, therefore, been taken 
as the maximum for which the dimensions of the dam are calculated. 


“The method of disposing of the water of the river during construction 
has beon the subject of much discussion, and 
as there has been some misunderstanding as to 
the objects to be attained by the temporary 
escapes, it seems desirable to consider somewhat at length what these 
objects really aro. 

‘Tn an earthen dam it is essential that under no circumstances whatever 
shall a drop of water ever pass over the top of the dam, and, given the 
discharge of the river and the rate at which the work can proceed, the area 
of escape necessary is a matter of direct calculation. 

“Tn the case of a masonry dam, however, the conditions are entirely 
different; it is necessary that the water should be diverted so as to allow 
the bed te be laid bare and the foundations properly put in; but for this, 
which can, if required, be done at a dry time, a very small area of escape 
culvert is required, and once the foundations are fairly in, there is no 
necessity for diverting the river atall. It is only necessary to screen off the 
particular portion of the dam which happens to be still unset, and the water 
may be allowed to pass freely over the remainder. Asa fact, many dams, 
both in Europe and in India, have heen constructed in this manner. 

“The passing of the water under rather than over the dam is purely a 
matter of convenience and economy-—convenience as avoiding too frequent 
_ {nterruptions, and economy because it may very well be that the constant 


Method of disposing of 
water during construction. 


shifting of frames and protective apparatus will actually cost more than an 


escape culvert of moderate size. 
“ Tt is obvious then that no comparison of the areas of culvert required 
- for a masonry dam and for one of earth hae any value; for the latter we 
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must spend whatever sum may be necessary to prevent all chance of ite 
being submerged, for the latter it would be folly to spend a couple of lakhs’ 
of rupees to prevent a submersion which may possibly cost a thousand. 

“It is evidently impossible to fix with anything approaching mathe- 
matical precision what is the particular area of escape culvert which will give 
the right degree of protection without undue expense ; the principle on which 
the dimensions aciually proposed have been arrived at is that the culverts 
should be capable of passing without submersion of the work, all discharges 
of which we have records in any months except July and November, that is, 
that the possible interruptions should be confined to those two months, and 
that the velocity through the culverts shall not exceed 20 feet per second. 

‘The area of culvert necessary to fulfil these conditions depends upon the 
amount of storage available betweon the top of the temporary dam and the 
level at which the water is maintained during ordinary times, as it is the 
difference between this amount and the maximum discharge of the river 
during any given period which the culverts must pass. 

‘With a given level of temporary dam, we can, by lowering the normal 
water level, reduce the area of the escape culverts; but at the same time we 
reduce the head available for working the turbines and increase the cost of 
_ the latter, or vice vered. 
| ‘On the other hand, by raising the temporary dam, we can saveon the 
turbinea or escape culverts or on both. By lowering it we reverse the 
process. | 

‘The following table shows approximately (allowing for the value of 
_ Stone) the cost of the temporary dams, escape culverts and turbines for 

various levela :—- | 





4 Thero i is very litile difference in cost among the levels from 20 foot. 7 
. to 40 foot ; those chosen, 30 feet and 25 feet are preferred not so much ag 
- being the most economical, as because they are, on the whole, the most” 
: convenient for practical working. , : 
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“Tn order tg. pass all discharges of which we have records, with these 
levels, the total area required is about 280 square feet; the area provided — 
is 240. 

“With the Hmiting velocity of 20 feet por second these culverts will | 
discharge 4,800 cubic feet per second; in the three years of which we have. 
‘records, there were altogether 30 occasions, of which 16 were in November 
and 6 in July, on which the discharge of the river excecded this amount : 
on 16 of these occasions the discharge lasted only fer a few hours, and 
would not seriously raise the wator level above the dam; the effect of the 
remainder is shown in detail elsewhere. | 

‘Tt will be thera seen that, with the area of culvert adopted, there were 
altogether three occasions, extending over six days, on which the work 
would be topped during the first season, four during the second, two during 
the third, and one during the fourth. 

‘During the fifth season no flood that has ever occurred could top the 
work, because in that season the saddle on the Jeft bank will be available 
for the discharge of surplus; and in the fourth season none except the 
great flood of November 1869, 

‘¢ Assuming that the three seasons of which we have records represent a 
_ fair average, we may expect to be interrupted three times during Novembor | 
of the first season, twice during the second, and possibly once or twice 
during the third, with a remote chance of an interruption in tho fourth. 

‘‘T¢ will also be seen that an increase in the area of culvert from 240 to 
400 square feet would only save five out of the total of ten interruptions 
entered, while a reduction to 200 feet would increase the number to 14, 

‘To prevent such*& flood as that of November 1869 from passing over the 
' work even during the third season would require an area of 2,700 square 
feet, the cost of which would be out of all proportion to any possible damage 
that could occur from the submersion of the work for a fow hours. 

‘‘On the whole the area chosen appears to form the most reasonable 
compromise between undue risk of inconvenience and loss by the interruption 
of work and undue expenditure on insurance against such risk. 

_ “Ttis obvious that, in order to limit the velocity through the culvert, we 
must either have the means of completely controlling the entrance of water 
thereto, or make its area so great as to limit the rise to the extent necessary | 
for generating that velocity. | 

‘In Mr. Smith’s design the tunnel mouth waa uncontrolied, and with the 
’ area given of 1,064 square feet a velocity of 45 feet per second would be 
generated during a flood such as that of November 1869. To keep down ~ 
to the lower limit of 20 feet here proposed, an areca of some 6,000 square 
" feet would be necessary. 
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‘‘ Ttis to meet this difficulty that the equilibrium shutters shown on sheets 
10 and 11 have been designed. The pressure of the water is taken entirely 
by the ties connecting the shutters which are adjusted so as not quite to touch 
the, faces of the frames against which they work; there is thus no friction, 
and only the weight of the shutter has to be moved. 

‘Tn order to reduce this weight, four wrought-iron pipes 30 inches in 
diameter and }of an inch thick are introduced, the buoyancy of which is 
very nearly enough to cause the whole gate to float; the actual downward 
tendency is ahout 400 pounds and thia is all that has to be moved in order 
to open the gate. | 

“There is nothing, in the whole construction, different in kind from the 
work in an ordinary steam boiler and thore is no more difficulty in making 
the whole apparatus water-tight under a pressure of 60 1b. on the square 
inch than in making a locomotive boiler steam-tight under double that 
pressure ; but in order to provide against any leakage into the pipes (which 
would increase the weight to be moved) screw plugs are provided, which 
may be removed from time to time, the gates being let down for the purpose, 
and any water that may have leaked in may then be pumped out. 

“Phe tension on the tie rods is 5,303 lbs, per square inch under 150 foet 
of water. | 7 

“The shutters will be adjusted so as to have a clearance of ¢ of an inch 
between themselves and the frames at the culvert mouth, and to prevent 
leakage through this space when the work is completed, the frames shown 
in detail on sheet 11 will be introduced. By means of these frames a strip 
of vulcanised India rubber will be screwed tightly over the opening, and the 
passage of water completely prevented. : * 

“An incidental advantage of this form of gate is that it may be used to 
allow the passage of water into the river below the dam, if at any time such 
passage should become necessary, either in order that the water may be 
used there, or that the lake may be emptied. 

‘The éntrance to the culvert up to 20 feet from the face of the main dam 
is formed by tunnelling through the solid rock, as 
it is thought that there will be less chance of 
percolation through the rock than through the concrete if an open cutting 
was made and arched over; the costis about the same. 

“Tt is for this portion only that the velocity of 20 feet per second is 
adopted ; for the remainder of the length the total area is 412 square feet, 
and the velocity is 9°32 feet per second. | 

‘This latter portion is simply an open cutting 16 feot wide covered by an 
arch with a radius of 20 feet (forming an arc of 53°) and a depth at the . 
side of 6 feet. | 


Ooustruction of culvert. 
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‘The support is removed from under the dam where the culvert comes 
in, and the pressure ou the material has to be 


Presaures on rear face of borne by the adjacent portions. 


dam due to culvert. 

‘‘The width of the cuttings is 16 feet and the 
extra pressure may be considered to be distributed over a similar distance 
on each side and ovor half the depth of the arch at the abutments; in 
other words, the pressure due to 48 feet has to be borne by 88, and the 
inaxiinum pressure will be $4 x 12,741 = 16,694 pounds on the square 
foot, the limit allowable being 18,000 Ib. 


‘The peculiar form adopted for the entrance tunnels is rendered neces- 
sary by the steepness of the rock on this side which prevents the use of 
the simpler and cheaper form adopted on the right bank. 


‘¢The excavation of the mouth of each culvert will be made a little in 
excess of the standard dimensions so as to allow 
of the easy fitting of the iron face frames; the 
gates will be lowered into position and the frames sot up at the right 
distance from them, the space betweon the latter and the rock boing 
- then packed in with fine mortar of lime ard sand in equal quactities. 


Fitting of frames. 


Gearing for shutters. ‘Tho gearing for working the gates is shown 
| in Plate III. 


“The gate is carried at one end of a beam 30 feet in length working 
on a pivot at the other end, 


‘“ Attached to a point 10 fect from tho pivot end is a chain connected to a 
buoy of sufficient floating power to lift the gato. Tho length of this chain 
is adjustablo at pleasure so as to give the opening necessary to pass the 
normal discharge of the river at any level at which it may be desircd to 
retain the water surfaco; an inereased discharge raiscs tho water level and 
increases the opening; a diminished discharge has tlio opposite effect. 


‘Tt is necessary to prevent the gate from rising to a height sufficient to 
ponersta a volocity exceeding 20 feet per secend, whatever be tho head on 
the front face. 


“The buoy A carries a light chain coilod round a drum B fixe to the 
bottom of the cutting; connected with the drum B ie a drum C with a 
diametor 3/20th that of 3, round which is cotled a chain passing over the 
pulley D and attached to the axle and rollers EK; as the water rises, the 
rollers are drawn along by the chain between the beam FG and the 
lifting lever, and the travel of the latter is limited by the position of the 
rollors; as the water falls the rollers are drawn back by the weight H. 


D 
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‘The inclination and position of tho beam FG is found hy calculation | 
and is such that the maximum possible lift of the gate for any water level is 
: [= boing the difference between the water levels above and below the 
dain; with a velocity equal to 5h the discharge will therefore bo 1,920 
cubic feet per second for each culvert. 

‘‘ This is the maximum discharge possible ; below this limit the discharge 
is regulated entirely by the level of the lake, the main lifting buoy is of 
course submerged when the regulating pear comes into play. 

“Toe form given to the guiding beam ¥G givos correct results for 
depths 30 feet, 50 foet, 90 feet, and 130 foot; for intermediate levels the 
results are not quite accurate as the face should have a slight curve instead 
of being a straight line, but the error nowhere amounts to moro than 3 
per cent. 

‘Ifa greater velocity than 20 feet per second be considored pormissible, 
the inclination of the beam FG can bo altered accordingly ; but it would 
be unadvisable to make any reduction in the areca of the sluices, asthe head 
necessary to give this velocity is nearly as much as it is convenient to allow 
during tho oarly part of the work ; the extra velocity should be used to give 
additional discharge and reduce the risk of submersion. 

‘The following mode of construction will be adopted for the portion of 

the temporary dam which is within the ordinary 
Temporary dam. water sproad of the river. Cases 18 foot by 5 feet 
by 10 feet internal dimensions will be sunk in the bed of the river 
at intervals of 15 feet from centre to centre, and kept in position by 
iron rods jumped into thv-rock at thoir four corners; they will be made 
as water-tight as possible and the interior will be pumped dry and 
the lower part of each buttress and of tho wall attached to it constructed 
inside them, the full height being completed in tho ordinary way. A.- 
groove 6 inches broad and i foot deep will be left in each side of each buttress 
at 6 feet from the front face; there will then bo a series of 18 piers 5 
feet wide with openings 10 feet wide botwecn them, extending across tho 
river bed. Nine of these openings will be closed by shutters 10 feet high 
let down in front of the buttresses and in the grooves in their sides, and the 
spaces thus enclosed built up to 5 feet; the shutters will then be removed 
and the other nine openings built up in the same way to 10 feet; then 
the firat 9 to 15 feet and so on, until the whole stream is carried by the 
escape culverts. . 

‘The discharge of the river during August and Septembor rarely exceeds 
12,000 cubic feet per second, which the 90 feet of opening always left will 
pass with a depth of about 3 feot, so that work will not be liable to much 
interruption. ‘ 
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| ‘The lower dam will not be begun till the upper one is finished, and 
being constructed in practically still water will be an easy job. 


‘‘ Whon the lower dam is completed, the space between the two dams 
will be pumped dry, and the foundations of the main dam put in. 


‘‘The watershed cutting is a work of an ordinary description, and 
requires no special notice; if the slope of the 
cutting and tunnel were the same, the. latter 
should begin when the former reached the depth at which the cost per 
foot of advance was the same for beth, which, with the dimensions and 
prices here adopted, would be 27 feet; but as the slope of the tunnel is 
groater than that of the cutting, tho total length i is diminished by reducing 
the proportion of the former, and it 18 economical to extend the cutting a 
little further, and the proper depth for the change becomes 80 feet ag. 
‘adopted. 

“The nominal area of the tunnel js 80 square feet, but to provide 
agninst slight irregularities in the excavation an 
area of 84 square fect has boen provided for. A 
heading of 42 square feet will be first excavated, and afterwards enlarged 
_ to the full area. 

‘Tt would be inconvenient to work for any distance from the upper end 
of a tunnel with a slope of one in seventy-five, and only 350 feet of the 
whole length of 6,650 feet will be thus done, the remainder or 900 days’ 
work at 7 feet per day being done from the lower end. 

“The boring’ for the heading for this 6,300 feet will be done by machines 
driven by comprossed air; it could be done somewhat cheaper by hand, but 
in this case we could not reckon on an advance of more than 23 feet and 
8 feet per day, and two shafts would be necessary, the cost of which would 
more than cover any saving in boring. 

‘¢ Four drills will be employed, and thereis no doubt that the advance of 
7 feet per day, or 74 cubic feet for each drill, can easily be obtained. At 
the St. Gothard the advance with gix dritls was from 10 feet to 12 feet on a 
heading with an area of 67 square feet, or from 112 to 134 cubio feet per 
diem for each drill. The estimates of the daily work of the drills are very 
moderate as compared with actual experience both in Kurope and America. 

‘The boring for the enlargement of the principal tunnel and for the 
whole of that portion wich is exceuted from the upper end will be dona by. 
“hand. The heading will be kept only so far in advance of the enlargement 
as to prevent the workmen from interfering with one another, as the firing 
of the charges for both will be done at the same time. : 
‘‘ Artificial ventilation will probably be required after the firat | 
- $,000 feet, and provision has beon made for the exhaustion of 6,000 cubic 


ik. 


Watershed cutting, 


Watershed tunnel, 
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feet of air per minute. The amount of dynamite exploded daily will he 
about 58 lb., the gases generated by which will occupy about 20,000 cubic 
feet or about 1/300 part of the frosh supply in !6 hours. About 2,006 cubic 
feet of air per day will also be supplied by the drilling machines. At the 
St. Gothard, whero the consumption of dynamite was about 600 Ib. per day, 
the drilling machines supplied 5,000,000 cubic feet of air per day, and the 
exhausters extracied 16,000 per minute. 


‘ About 40 horse power for 14 hours will be wanted for working the 
compressors, and 25 horse power for ten hours for driving the ghaut wire 
tramway. It is proposed to obtain this power from the Muliapanjdn, the 
stream up whose valley the Gudalir Ghaut runs. By a turbine placed 
near the mouth of the tunnel, we can easily get a head of 60 feet, so that 
_ the quantity of water required will be 8 cubic feet per second. 


‘‘ This stream receives the drainage of a portion of the stream of the same 
name on the Travancore side of the watershed, which has been diverted 
into it by a dam atthe point shown on the genoral survey, and certainly 
supplies more than the quantity required for six months of the season. 
During January and February it may fall short and will be supplemented 
by steam power, for which provision has been made in the estimate. 


‘The average discharge of the stream during the whole season is con- 
siderably more than 8 cubic feet per second; and if a site could be found 
where some 30,000,000 of cubic feet could be stored at a rate not exceeding 
one rupes for 4,000 eubic feet, this would be more econogucal than to use 
steam, but the possibility is doubted. 


‘‘Tt is not impossible that it may be fonnd worth while to convey the 
whole of the power required for working the drills and ghaut tramway by 
means of electricity from the Periyar, where the extra power required can be 
provided at a small cost; but the information at present available as to the 
real cost of the electrical transmission of power is so vague that no reliance 
can be placed upon it, 


‘The entry of water to the tunnel will be controlled by the gates shown 
on sheet No. 16, those gates are similar in principle to those already 
described for the escape culverts. They have an aggregate area of 120 
square feet, that of the main tunnel being only 80. The reason of this is 
that if, as is not unlikely, the water supply is found greater than is now 
anticipated, the main tunnel can be enlarged at emall expense, but it would — 
be awkward and inconvenient to enlurge the gates and entrance tunnels, 
which would necessitate uot only sacrificing the original gates and frames, 
but also lowering the lake so as to leave the sill of the cutting exposed, 
which could not be done without opening the escape culverts ynder the dam. 


«= 
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‘The transport of materials is a very important item in the cost of the 
work, some 80 tons of limestone and tho stores 
and food for the whole working party having to be 
transported daily from the lime quarries to the watershed up a ghaut 
1,200 feet in height, and somo 45 tons of lime and stores, besides 1,500 
oubic feet of atone weighing upwards of 100 tone from the watershed to the 
site of the dam. - 

‘Estimates have been made with considerable care for all sorts of means 
of transport, including railway worked by locomo- 
tives and by wire rope, tramways, ordinary road 
worked both by steam and by cattle, and water 
transport; and it is found that, on the whole, the most satisfactory 
arrangements are those now to be explaimed. 

‘The main line of road from Madras to Travancore, of which the Gida- 
léy Ghaut forms a part, crosses the watershed close to the site of the 
proposed works, and then diverges to the west from the valley loading 
to the site of the dam, and cannot be used for transport beyond the 
watershed. 

«Tho lime quarries are situated at from 3 to 4 miles from the foot of the 

ghaut, and the quantity of stone to be carried 

Traction engines from gaily is about 80 tons; this can be ‘carried from 
lime quarries to foot of . } 
yhaut. the quarries to the foot of the ghaut by a single 

traction engine making five trips daily. 


Transport of materials. 


Various methods con- 
sidered. 


“ The use of traction engines on the ghaut is objectionable on account 
of the great waste of power in working on a steep 
gradient and the awkward turns and ziyzags which 
occur in several places; the engines returning 
with the empty trucks could not run at their full speed of 8 miles an 
hour, as they can on more level ground, and 4 miles an hour would probably 
be as much as would be safe. Although the ghaut is only 4 milesin tength 
it is probable that three trips daily would be as much as the engines could 
do. The total weight to be carried daily including a small allowance for 
general stores is about 200,000 Ib.; and as the engines intended to be 
employed, which on a level will take 60,000 1b. (exclusive of trucks) with 
ease, would not take more than 16 or 17,000 on an incline of { in 16, four 
such engines would be necessary. The first cost of engines and wagons 
would be Hs. 42,000, repairs and maintenance Rs. 14,000 and working 
expenses Rs. 40,000; to which must he added Rs. 8,000 for the imprave- 
ment of some of the worst turns in the road; and Rs, 10,000 (at Rs. 500 
per mile for five years) for maintenance, as the allowance made by the 
Local Fund Board will certainly not keep the road in a condition to allow . 
wteam to be used economically. 


Objections to their use 
*on ghaut. 
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*'The total cost of transport for this section would thus be about 
Rs. 1,14,000, a sum probably not much less than the cost of transport by 
ordinary carts, though there might be a difficulty in getting the latter in 
sufficient numbers, 

‘ It is therefore proposed to use a wire tramway which, for such a position, 
possesses immense advantages. It can be worked 
with ease on a gradient of 1 in 4 and can be laid 
ao as to avoid allthe zigzags necessary in a@ road, 
and thus effect a great saving in distance, while thero is absolutely no waste 
of power caused by the incline, the differenco between the power required 
to work a given length on a level and the samo length on any gradient 
being simply that required to lift the net paying load tho vertical height 
between the top and bottom of the line. 

‘To show how great this waste is on an ordinary road, the 200,000 Th. 
of goods here in question would be carried over a level line of 4 miles in 
length with the greatest ease by a single light engine indicating*25 horse 
power, whereas for the same distance on an incline of 1 in 16, four engines 
of 40 horse power are required, showing an extra work of 135 horse power 
due to the incline alone, the actual difforence in useful work being only 


21,120 200,000 — ; 
a KR nn 3 er for 10 hours 
1G 33,000 x Goo” 133 horse power for , and this latter 


quantity with an addition of 25 per cent. for frietion is all that has to be 
provided in a wire tramway on account of the rise, 

“The length of the existing ghaut is a few feet over 4 miles; the distance 
from top to bottom as the crow flies is 10,400 foet; the length of tramway 
provided is 12,000 feet, which is rather more than will be required as it can 
be. laid very nearly in a straight line. The-first cost of the tramway wilh 
be Rs. 30,000; carriage, erection, maintenance and working Rs, 26,000, 
while the power required will be about 30 horse powor. This, as already 
explained, will be provided by the same turbine as worka the air compressors 
for the watershed tunnel, and the share of its cost dobitable to the ghaut will 
be Rs, 4,000 making a total cost of Rs. 60,000 for the transport over this 
aaction. : 

‘For articles too heavy to be carriod by tho wire tramway (or exceed- 
ing about 3 ewt.) the existing ghaut road will be 
used, but tha movement of such articles will be 
almost entirely confined to a few days at the 
begiuning and end of each season. 

‘Some saving in transport would be offected by burning the lime at the 


Advantages of wirs 
tYam Way, 


Ghaut to be used for 
heavy articles. 


; _ quarries instead of at the watershed as proposed, but it is considered that 


this is of lesa importance than the improvoment in supervision effected by 
having the kilns above the ghaut where they will be under the eye of one 
of the officers employed on the work. 
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‘ From the head of the ghaut to the site of the dam the superior economy 
_ of the wire tramway is less decided aa there is Jess 
room for saving either in distance or cost of work- | 
ing; and a8 some means of transport capable of conveying heavy weights 
must be constructed, the saving in the every day work by the use of the 
tramway does not justify its construction in addition to such other means. 
These other means aro water, railway and road. ” . 
. ‘The first of these is undcubtedly the cheapest in every way as by a 
series of dams in the Muliapanjan and Kythery 
valleys, it could be obtained at a cost less than 
that of a road, whilo ay regards working expenses if would be decidedly 
cheapor; but it would bo impossible to use it without interfering with the 
work in the sonthern cutting, and the idea has had, though reluctantly, 
to be abandoned. 

“ A light railway would cost in working about Rs. 40,000 less than the 
sum estimated for the road, but it would cost in 
construction and maintenance Rs. 60,000 more 
and would probably be more liable to injury from accidental causes. 

“Jn Mr, Smith's original designs it was proposed to keep the road above 
the maximum water-level of the lake, involving a 
length of more than 19 gniles from the head of the 
guaut to the dam, but this is quite unnecessary, ull thatis wanted bemg 
that tho road shall not be lable to submersion as long as it is required 
for use. Aftor the completion of the work it will be useless and even 
before that time a portion of it will have been superseded by water carriage. 

‘ Starting from the watershed at a level of 168 above datum, it falls at 

the rate of 1 in 150 for 4,500 fect, and then rises 

Trace adopted. at 1 in 600 for 6,000 fect keoping as close as 
possible to the side of the cutting. It runs level for 600 feet, and then 
rises at 1 in 600 tothe saddle between tho Muliapanjin and Nataman’s 
valleys, which it crossos at 23,000 fect from tho watershed at a level of 
143; after 200 feot level it falls 1 in ¢€0 to the Nataman’s stream, which 
it crosses at 27,000 feet on a lovel of 83 being about 21 feet above the bed 


Head of ghaut to river, 


Water transport, 


Railway. 


Road, 


of tho sticam. 

“Tt is level from 26,80 to 27,800 and then rises at 1 in 600 for 6,000 to 
the saddle above tho junction of the Kythery and Nataman's valleys, which 
it crosses at a level of 98; a further distance of 6,200 feet on a lovel com- 
pletes tho line. . 

“Tho total distanco from the head of the phaut to tho works is 
40,000 feat or a little over 7+ milos, and it will be seen that tho line ia 
exceptionally favourable, there being no gradient against the traffic except 
1 in 600 
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‘The work to be done during the first three seasons is the conveyance 
of 90,000 lb. of lime and stores from near the 
watershed to the site of the dam, a distanco of 
74 miles and of 1,300 cubic feet of stuno weighing 210,000 lb. from the 
southern end of the watershed-cutting, an average distance of about 6 
miles. 


Traffic to be carried, 


“Two engines of the class provided will do this with three trips cach per 
day, one from the watershed and two from the cutting, the speed boing 
from 34 to 4 |miles an hour loaded, and 8 miles when returning with empty 
trucks. 


“ During the two seasons the water-levei will be raised to about 60 feet 
above datum, and the engines will only be required 

Water transport to b® to carry tho material to the point where the road 
een ring the two last ossos the Nataman’s valley, from whence they 
will be conveyed in boats to the dam. This 

shortens the distance to be run by about 2 miles, enabling the engines to 
make threo trips daily instead of two from the cutting and to carry 1,900 


cubic feet of stone instead of 1,300. 


“The actual cost of transport, including all chargos, amounts to three- 
fpurths of a rupee per ton, or Rs. 5°35 per 100 
eubie feat of stone, from tho cutting to the dam 
site, the cost of excavation at the latter being Rs. 7:50 per 100 cubic fect. 

‘From an economical point of view it would bo advantageous to use in - 
the dam the whole of the stono (about 1,600,000 cubic feot) excavated from 
tle southern watershed cutting and adjacent portion of the tunnel, but it 
is not considered desirable to reduce the length of the eseape below the 
900 feet provided for.” 


Total coat of transport. 


After the submission of the estimates a somewhat academic discussion 
ensued as to the method of calculating the section of the main dam. 
A usual method, that of M. Bouvicr generally followed by French 
Engincers, maintains that tho true method of ascertaining the pressure on | 
the matcrial of adam at any section is to consider the resultant of the 
forces as acting on a projection of the plane of the scction at right 
angles to the direction of the resultant. Colonel Pennyeuick, however, 
contended that the resultant does not and cannot act upon any base execpt 
the section involved, and that there is no reason for transferring the 
effect from the actual basc to any imaginary line. The discussion was 
terminated by the decision to employ at any point the method which 
gave the greatest section. The error, if any, 1s therefore on the side of 
safety, though the difference between the two is nowhere large. 


+. 
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In compliance with the wishes of the Inspector-General of Irrigation, 
who took exception to the proposals for disposing of the river during 
construction, an alternative method of syphons was worked out and 
submitted. This plan never came to trial and need not be further 
referred to. 

The submission of these cstimates completed the investigating portion 
of the project, but there was still one obstacle to its execution, namely, 
a disagcreoment as to the terms on which the use of the water and the 
land submerged by the reservoir should be handed over. 

The British Government took the ground that the water was useless 
and likely to remain useless to Travancore, and that the land was a picce 
of uninhabited jungle, not of great value oven in the matter of timber 
and from its location practically impossible for the Travancore Govern- | 
ment to oxploit. The latter Government, onthe other hand, contended 
that the value should be appraised hy its utility to the Rritish Govern- 
ment, which was admittedly high, since an expenditure of Rs, 53,00,000 
was oxpected to bring in a return of 7 percent. per annum. After 
pourparlers oxtending over a considerable period, which it 1s unnecessary 
+o further particularise, it was agreed that the British Government should 
pay an annual rent of Rs. 40,000, and that the lease should run for 999 
years, with right of renewal; and that, for this consideration, the British 
Government should receive a grant of the land alongside the Periydér 
below a contour line 155 feet above the deepest bed of the nver at the 
sito of the dam, to the amount of 8,000 acres or thereabouts, and also 
an additional area not exceeding 100 acres at an unspecified level; all 
water flowing into the firat-mentioned tract; all timber growing on the 
said tract; and the fishing rights; with liberty to make a road through 
Travancore territory to tho site of the works. Aj] sovereign rights were 
reserved by the State of Travancore, and the subsequent intricacies of 
civil and criminal jurisdiction, abkéri rights, customs, &c., constituted a 
source of dissonsion which lasted till the head works were completed. 
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CHAPTER II, 


CONSTRUCTION OF HEADIWORKS. 


Preliminary works—Labour and materials— Wire ropewny—Canal— Main dam-~- 


Kscapes— Tunnel— Cogt— General remarks, 


ForMAL sanction to tho project was reecived in the latter half of 1887, 
and proceedings were commenced in September of that year with a small 
establishment. ‘he weather was good and the season in Madura had 
been bad, so that the supply of labour was encouraging. A cooly camp 
and officers’ camp were laid out at Tckadi, near the tunnel head, a mile 
from the trunk road, on a ridge surrounded by swamps, the only con- 
venient location but one which was aftcrwards foand to be execedingly 
unhealthy. A road communicating with the trunk road was opened up, 
but was not continued to the Periyar itself, since it had been decided to 
canalise tho Muhya Panjan and substitute water for land carriage. A 
saving of Its. 50,000 was expected from this alone, but the result was by 
no means in accordance with that expectation, and eventually a road had 
to be made as an auxiliary to the canal. In the meantime, however, a 
bridle path was made to the Periyar and one subordinate was located 
there. ‘Ihe line of the watershed cutting was laid ont and some earthwork 
dono, and the rock so far exposed in places as to permit blasting to be 
commenced, the stone being used for houses. Lord Connemara, then 
Governor of Madras, accompanied by Colonel Hasted, R.E., Secretary to 
Government, visited the works and inaugurated them by felling a tree 
on the site of tho dam. By the end of March 1888 the preliminary 
work may be said to have been completed. It consisted, besides the road 
and bridle path and the camp above mentioned, in the construction of 
quarters for officers and aubordinates together with a certain amount of 
coolie-lines, store-sheda, hospital accommodation, &c., all of which had. 
however, to be greatly extended before the work progressed very far. It 
alao comprised the survey and demarcation of the site of the main dam, 
of tho canal, of the tunnel, and of the wiro ropeway up the ghaut. 
A small reservoir for the tunnel turbine waa also propared by building 
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a wall across the Muliya Panjdn near its head in a favourable position 
for storage, and a commencement was made on the cuttings at tho 
entrance and exit of the tunnel. 

Here the subject of labour may convenicntly be taken up, since it 
had by this time become evident that a change in the organisation and 
method of employment was essential. To encourage labour all male 
coolies were at first employed at a daily wage of 6 annas and not by,the 
piece. ‘The maistrica were any men who could read or write and had the 
courage (or were under the necessity) to enter this unknown land. ‘They 
were without exception quite ignorant of their work, though there were 
men among them who afterwards became very useful. The officers and 
subordinates were insufficient for the incessant demands on them, and it 
was soon discovered that the carthwork was costing over 500 per cent. 
more than the estimated rate and this only for top soil with a small load 
and in fine weather. 

The coolies were, therefore, divided into gangs and put on piecowork 
and immediatcly Icft the place almost to a man. ‘’o dispose of this 
subject it may be said here that the piecowork system was of course 
persisted in and the organisation of labour was a long and difficult 
affair. Advances had tc be made and mutually beneficial relations 
established with a good class of coolics, and it was not till 1890 that the 
supply became at all adeqnate. The delay and inconvenience were of — 
course very great and added not a little to the carca of the staff. A 
groat number of the coolios came from the Cumbum valley in the 
Madura district and were within reach of their homes. ‘The high wages 
neccessarily paid gave them a command of money to which they were 
unaccustomed, and the temptation to return frequently to their villages 
and enjoy themselves was too powerful to be withstood, and every 
festival of any importance was a welcome excuse, Most or all of these 
coolies were pledged to money-lenders and ryots from whom they had 
received advances in cash or grain, and they retumed unfailingly at 
ploughing or harvest time to work off their debts, with an honesty that 
was admirable from one point of view, but most vexatious from another. 
As the works advanced a better and more permanent class of cooly was 
obtained from ‘linnevelly. Thesc had less temptation to irregularity, 
and working (in a manncr somewhat unusual) in gangs on a co-operative 
system greater depondence could be placed on their movements. ‘These 
coolies came up regularly during July and took up on piece-work nearly 
the whole of the concrete in tho main dam, at which they worked 
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| steadily till the end of March. They wero the backbone of tho labour, 
and the relations between them and the works were mutually profitable, 


In 1889 and again in 1890 detachments from the First and Fourth 
Pioneers were lent for service at the Periyar. While labour was scarce, 
bad, and ill-organised, the Pioneers were of great service and the officers 
made a welcome addition socially. Certain drawbacks however attached 
to the arrangoment. The men being of course under the orders of their 
own officers only, were sometimes difficult to supervise effectually unless 
working in large bodicsa, which was not always practicable. Having 
fixed hours they wore also not always availablo on an emergency and 
were genorally reluctant to work over-time even at the most critical 
junctures. The quality of their work was also very unequal and they 
were expensive, and occasional unpleasantiesses and differences oceurred 
which it required tact and forbearance on both sides to prevent from 
besoming serious; while the exigencies of military service sometimes 
clashed with the interests of the works. After 1890 therefore the 
services of the Pioneers were not utilised, and labour having by this 
time become more regular and abundant the loss was not markedly 
perceptible. 

As regards skilled labour the conditions were, on the whole, easier 
than was anticipated. From the first thore was no scrious truuble about 
carpenters, since a supply of Portuguese under a most excellent foreman 
named P. Fernando, was obtained from Cochin. Oceasionally it was 
wished that the number could havo been greator, but though these 
carpenters were kept very fully employed and often had to work over- 
time and at night they were generally enough or nearly enough for the 
calls upon them. They wore capital workmen, handy, willing and 
honest, and some of them being sailors and all more or leas accustomed to 
water from their childhood they wero of the greatest scrvico for many 
other purposes than pure joinery. A great part of the work in water 
connected with the numerous coffer-dams, temporary sluices, timbering, 
shoring, and scaffolding, fell upon them, frequently by night and in 
the rain and cold, and they were always willing and knowledgeable. 
From beginning to end they were of the greatest service. They were 
sober, quiet, religions men, and it was a pleasure to work with them. 

Masons are a far less pleasing topic. Masons all over the world 
seem to need more supervision than any other class of artisans, and 
Indian masons are perhaps at the head of tho profession in this 
particular. The rate of pay was necessarily high and any ambitious 
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cooly who could borrow or steal a pair of old boots and a trowel presented 
himself unblushingly for the job. ‘Pheir sole idea was hasto and the 
quality of the work turned out by them was such that tho most stringent 
supervision and severe penaltics were required. The rubble masonry 
at the Periyér may be said to vary from fair to good, and certainly 
resisted admirably all the vicissitudes to which 1t was constantly exposed, 
but this result must be admitted to be due principally to the excellence 
of the materials and the watchfulness of the staff, and was attained in 
spite of, not because of, the masons. Inthe carly days few masons were 
available and most of the temporary work in tho river-bed was done by 
‘Wudders’ from the Madura district. These men have no real know- 
ledge of masonry, their nearest approach to 1t being revetment work 
and an occasional rough wall of stencin clay. Being, however, accustomed 
to quarry, break, and handle stouc they were uscful for the class of work 
required in the temporary piers and the dams in the river-bed. Shortly 
after them a gang from Cutch turned up, unexpectedly, and did good. 
work on the foundation enclosures. - ‘hey speedily found out, however, 
. that keeping shops in the camp and selling to the coolies at 200 or 300 
por cent. profit was easicr and more luerative, and most of them turned 
their attention to this and to the acquisition of large herds of buffaloes, 
A few remamed on the works as “daddi-men,” @e., carriers of heavy 
weights by poles and slings, and these were useful among the machinery. 
Later on a good many masons were attracted from Coimbatore and 
from Madura, and though there were seldom morc than a hundred all 
told, they were from this time geucrally enough for eurrent require- 
ments, but in the case of damage to temporary works or breaches in 
the turbine channel to the workshed, masons had to be diverted from 
their legitimate work on the upstream and downstream faces of the main 
dam. Thronghout the duration of the work the want of clasticity in the 
supply of labour was seriously fclt. The Periyér is 0 barbarous and so 
far from everywhere that nothing could be got on a sudden, and unfore- 
scen emergencics had to be met always from the material and personnel 
which happened to be on tho spot at the moment. 

In a work of this nature a vast amount of quartying was required, 
and in this particular little difficulty ~was experienced. Drillers are 
numerous both in Madura and on the West Coast, and the supply was 
adequate and the rate modcrate. These men worked mostly single- 
handed and used the “jumper ”’ or vertical drill raised and dropped on to 
the rock. Whero specially deep holes were wanted two men sometimes 
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worked at along drill, but generally it was found that a 3’ or 3)’ holo 
was the deepest they could economically produce. They were useful 
labourers and gave little trouble, their principal drawback being that 
they could only drill vertical holes of not more than 1” in diameter. A 
bigger bore would have led to considerable economy in explosives. In 
the tunnel machine-drills were almost exclusively employed, and these 
were worked by men who had done similar work clsowhore and were 
brought by the tunnel foreman under whom they had served before. 
On occasions when the machine drills were unavoidably stopped or in 
places whore they could not be profitably used these men worked double- 
handed with a short drill and hammer. Their duty, in wet and cold 
and a foul atmosphere, was arduous and necessarily well paid. They 
displayed a deep and well-founded confidence in the tunnel foreman and 
were not at any time a cause of anxiety. 

Cooltes, masons, carpenters, and drillers have now been touched on 
and the only other remaining class of labour of importance is drivers 
and fitters. These gave perhaps more trouble than all the reat together, 
Jt was found impossible, at any reasonable ratea of pay, to get together 
a staff at once capable and reliable. Many of the mon of this class who 
came to the Periyd4r were men with a history, and these almost invari- 
ably alternated spolls of good work with outbreaks of a more or less 
serious nature. Some of tho drivers and fitters woro caught very young 
and practically trained on the work, but these naturally required a 
great deal of supervision, which on distant parts of the work it was not 
possible to give. Accidents wore consequently frequent, and any 
accident that could not be ropaired on the spot necessitated a stoppage 
of tho machine for soveral weeks, if not months. There was, during the 
early part of the project, a disposition to keep down the pay of fitters 
and drivers, which had a very unfortunate result; and it waa some 
time before if became apparent that a very highly enhanced pay waa 
necessary to induca even inferior men to live at the Periy4r. When 
this fact was at last established the calibre at once improved, and a few 
men of knowledge and character were obtained whose services were 
invaluable; but tho average was at all timeslow. The office of the 
Superintendent of Plant and:Machinery was in consequence one of 
peculiar difficulty, and the project is very largcly indebted to a young, 
but most talented and enorgetic officer, Mr. E. R. Logan, for his unfail- 
ing resource and unremitting cxertiona in this post. The plant comprised 
three steam tugs, an oil-launch, a large and several small dredgers, two 
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complete tunnelling plants, all the workshop machinery, besides a large 
number of portable engines, pumps, &c., so that the office of Superin- 
tendent was very far from being a sinecure. 


Materials. 


Before resuming the history of construction the materials used and 
the methods of preparation need a short description. 

The stone throughout the Travancore hills is a hard syenite, weighing 
about 180 Ib. to the oubie foot. It formed 
an excellent foundation for the dam, being fairly 
free from cracks and fissures and remarkably homogeneous. It blasted 
well and broke up clean and sharp for conerete, but dressed exceedingly 
badly and was useless for ashlar. ‘Ihe small quantity of this description of 
work required was done with stone procured ready dressed from Madura. 
A portion of the stone used in the main dam and left bank extension 
was procured from the excavation for the right bank cacape and the rest 
from quarrics. The rock cropped out in numerous places and there was 
no difficulty in finding convenient quarrics. Boulders were also utilised, 
the outside scale being removed with pick or chisel. The fractures of the 
quarried stone were so clean and sharp that washing with a water jet was 
unncedod, but with stone broken in machines for concrete precautions were 
taken to get rid of the dust. All stone was of course wetted Lefore uae. 

‘he lime uscd was obtaimed from nodular kunkur excavated from 
quarries near Kuruvanath, at the foot of the 
. ghaut on the Madura side. An analysis of 
random specimens is as follows :— 


Stone, 


Lime, 











ere | No. 1 | No, 2 No. 3 No. 4 | 

| —_ | | | 
Moisture, &c., P.C. be - vas 2°050 1280 1700 ; 1-300 
Sand and silica, P.C. | 82-7652 22°550 20500 | 25'100 
Ferric oxido, P.C. | 2400} 2400] 2600} 2-000 

Alumina, F.C. 7 - - | 1°200 17400 0200 2°400 | 

Carbonic acid, P.C. .. 2. | 98950 | B9'EHO | —-B9'250 | -BL-750 | 

Sulphuric acid, PC... a _ ‘Traces, Traces. | ‘Traces. | Tracea, | 
Lime, P.C. ves - _ tas 24° 200 40-006 | 42°-L00 33'000 
Magnosia, PC. 0. 0s 11'460 1153-1586 1713 
Loss and enaceounted for P.O. - 1°790 1701 | 1764 0-740 





— — = eee ee ee oe 





Total ... 100°080 100°000 = 100°200 100°000 


Oy ee ee ee ee 
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In 1887, previous to tho commencemont of work, experiments on— 
the strength and setting of this lime were conducted at Kuruvanuth, 
but the record of them has been lost. ‘They were, howevor, satisfactory. 
The absonece, at that time, of a testing laboratory at Madras prevented 
accurate and detailed tests being conducted in a scientific manner, but 
on the dam specimens of lime and mortar from every mortar mull, and 
of lime as issued from the storesheds, were every day presorved and 
erushed after setting for various periods. The manipulation was too 
rough to render the figuros of historical value, the object being merely 
to make sure that the lime had not perished or deteriorated. The results 
were, however, remarkably uniform and satisfactory aud no cases of 
decomposition or premature hydration ocourred. ‘Che pure lime showed 
a slight tendency to crack if allowed to set in the aun without sprink- 
ling, but this was only to be expected. Another satisfactory test was 
the constant submergence and scouring action to which the concrete and 
rubble masonry were exposed during construction. Irom this trial the 
mortar emerged unharmed, except in the rarest cases where it was quite 
green, and even then tho damago was wondertully slight on all occasions 
when an eddy was not set up. The progress of the dam was always 
arranged ao as to oscape the formation of eddies in the evont of a flood, 
but they could not invariably be avoided, and their viclonce may be 
surmised from the fact of hard rough stones of over half a cubic foot 
being caught up in them and worn smooth and round in a few hours, 
Where the masonry had had a few days to set and there was no 
hollow or protuberanee for the curront to catch, absolutely no damage 
was done, 


The lime was burnt cither in intermittent kilns of clay, or in large 
continuous kilns of stone in clay with an outside casing of stone in mortar. 
The former were not so economical as the latter, and were only used on 
emergency. The fucl used was charcoal in equal volumes with the lime- 
stone. The lime was slaked on a prepared surface close to the kilns 
immediately it was drawn, and was then stored in thatched sheds, and 
used genorally betweon one and three months after burning. Figures of 
the outturn of the kilns need not be given, since it varied very greatly 
with the quantity of rain and the direction and force of the wind. After 
slaking a large amount of clinker remained, some of which was reburnt 
and some used for floors, latrines, &e. The measurement of slJaked lime 
was generally 14 times that of limestone. 
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This was preparcd in the usual manner of tiles about an imch thiek 
" an@ four inches squaro, slightly under-burnt 

in small clay kilns. ‘The tiles or ‘bats’ were 
moulded by hand of sclected soil, free from vegetable mould, tempered 
by watcring and treading, aud were dried in the sun. The soil con- 
tained rather a large number of quarts crystals; being the residue of 
decomposed rock, but judged by the test of experience it made oxceed- 
mgly good surki. The quantity of alumina contained in the soil was 


Surki, 


by analysis about 25 per cent. 

A very good quality of sand was obtained from the river-bed, The 
river ran in a sertes of pools divided by rapids, 
and in tho pools were deposited beds of sand of 
a limited thickness over-lying the rock. While the lake was still low it 
was an casy matter to dig up the sand by hand in shallow water or 
dredge it by small hand cranes mounted on barges, but as the lake deop- 
encd'the lead became very great, and as it took a long timo to fill a 
boat by hand the flotilla would have had to bo enormously increased. 
had the same methods been continued. Accordingly a Pricstman’s 
Grab Dredger was purchased and used from a barge. This dredger 
was capable according to the makers’ price hist of dredging 400 tons per 
day of ten hours, but under the unfavourable conditions that prevailed 
it did not turn out at the best more than 100 tons a day, or 150 tons in 
aday and anight. The depth of water was somctimes considerable, 
sce it was advisable to exhaust the, beds near the dam before going 
higher up the river. ‘lhe sand beds wero also of varying thickness and 
& full bucket could not be depended on, while delays wore of frequent 
occurrence on account of the grab catching trees and boulders and 
being unable to close. Owing to the poor calibre of the drivers avail- 
able the dredger was of course not worked to its best capacity and 
break-downs were of frequent occurrence, and in order to supplement 
the supply another dredger was contrived on tho works by utilizing the 
gear of a large steam-derrick and fitting it to a short jib. ‘The revolvy- 
ing motion of the gcar was very slow, and it was found easier to move 
the hopper barges than to swing the jib, which added somewhat to the - 
expense, but otherwise this made a reliable drodgcr and was often of 
great assiatanco. Throughout the work the supply of sand only Just 
kept pace with the demand, and had it not been for the cessation of 


building from the middle of April to the end of Junc more dredging 
F 


Sand, 
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plant must have been provided, but as affairs stood a stock was always 
laid in during these months that supplemented doficiencies during the 
working months. The lead eventually reached 9 miles as the lake 
decpencd, and a powerful steam-tug was only just sufficient to tow 
the barges up and down fast enough. 


The mortar was composed of three parts by volume of sand, two of 
lime, and one of aurki. This combination was 
found by experiment to be as good as any 
other and the most economical. The mortar was mixed in pan-mills, 
engino driven, or in country bullock-mills. The former had the better 
appoarance and was the better to work, but as far as could be ascertained 
there was no appreciable diffcrence mm strength or setting. The pan or 
trench having been cloaned the surki in bats was first thrown in and 
partially broken up, a little water being then addod and the mill revolved 
until the powder was fairly fine. Jaime was then added by degrees and 
more water until a rather sloppy mortar was formed and thoroughly 
raixed and ground. Sand was then gradually poured in dry, a little 
water being occasionally added when the friction became too great for 
the engine, until the whole was thoroughly mixed and of the proper 
plasticity. Throughout the work very dry mortar was used, only just 
dry enough to be worked with a trowel, it being believed that an excess 
of water forces the mortar to the top in ramming and in evaporation leaves 
hollows. Experiments to ascertain the minimum necessary for complete 
hydration were of course made. A maistry supervised each mill and 
regulated the proportion, but to ensure uniformity the quantities of 
each material for overy charge wero stacked alongside the mill in iron 
basins before mixing was begun. Mortar when conveyed to the work 
was inspected for plasticity and homogeneity before use by the officer 
in charge. 


Mortar, . 


Concrete is not popular as a material to prevent the percolation of 
water, and 16 was at first intended to plaster the 

manure and rubble = upstream face of tho dam. This intention was 
dependent on the river being below the work as 

it advanced and on the possibility of using wooden frames as an abut- 
ment for ramming. ‘T'he abandonment of the low level escapo culverts 
necestitated. a reconsideration of this method, and a wali of rubble in 
mortar, uncoursed, was substituted. It would have been difficult under 
the circumstances, sometimes impossible, to plaster this wall, even if it 
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were necessary ; but the rubble masonry, well pointed, forms nearly as 
impermeable a skin as plaster. No attempt was made (indeed tho 
expense would have been prohibitive), to ram the joints in the manner 
followed, for instance, at Vyrnwy, but they were well raked out while 
soft and afterwards carefully pointed with ncat cement up to the 120 
level, and above that with specially ground surki mortar; and this, if 
not interrupted for a short time while setting, was found to be an 
excellent and very fairly impervious faco. The wall itself waa rather 
more than a skin wall, since sudden rises of the river and the advan- 
tage of working without interruption obliged it to be sometimes both 
high and strong. The danger of unequal settlement of the rubble 
masonry and the concrete was of course considered, but this was held 
to be impercoptible in a structure built up so slowly as tho Periyar - 
Dam. To guard against it as far as possible the front wall was furnished 
with large buttresses and protuberances, both vertical and horizontal, 
and particular care was taken with the jomt between the conercte and 
the masonry. Settlement was thus reduced to a minimum and any 
stressos set up could easily be absorbed. 

Some careful experiments were carried ont in the year i887 by 
Mr. G. T. Walch, then Superintending Enginecr, I Circle, with the 
object of arriving at some definite measure of the permeability of ordinary 
concrete under a great head of water, but the results were not altogether 
conclusive. The materials employed were Géddvari sandstone and surki 
mortar as used habitually in the delta, and time ranging from 110 to 
150 days was allowed for setting before trial. In the various experiments 
stone was broken to pass through cither a 3-inch or a 2-inch ring, the 
mortar was composed of two parts by volume of sand, 1 lime, § surki, 
and the proportions of stone to mortar were 3} to 1, 3 to 1, 2} to 1, and 
2tol. The blocks were sometimes plastered, sometimes unplastered, 
and a pressure rising to 110 Lb. on the square inch was applied through 
a hydraulic boiler-testing foree pump, the flange of the pipe being con- 
nected to an iron plate with cotton packing, a leather washer being 
between the plate and the concrete block. The concrete was rammed in 
1-foot layers in boxes 23’ x 24’ x44’. Pressure was applicd on a 
~ vertical face or faces, in the direction of the plane of the layers. Mr. 
Walch’s remarks on the experiments were as follows :— 


‘ The plastering was done with the same mortar used in tho concrete, 
but this was not,good enough, and, having too 


R k ' "| j 
omarse much sand, dried (though it was kept wet for 
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many days) with numerous very fino cracks on its snrfaco so that it was 
difficult, and in many cases impossible, to got an arca of surface for apply- 
ing the water pressnre without such cracks. This accounts for the varying 
rosults in experiments on plastered faces. 

“The results however show clearly, I consider, that conerete faced with 
good plaster will not leak under a head of 134 feet of water. What would 
be the ease without such plastering the experiments do not conclugively 
show. 

“Jt 1s quite impossiblo with such coarse concrete to eet a face to it, as 
if is rammed, smooth enough to take any washor that will mako a water- 
tight joint, and therefore such a surfiuca has to be obtained by chiselling 
and rubbing, which oporations disturb and crack {o some extent the mortar 
round tho stones, and then the water entering at such cracks has only a 
small thickness of mortar to rosist it in forcing its way back to tho pressure 
face round the washer. It was so the leakage always broke out; in many 
cases it also broke out at some distance 
away and in one case it made its way 
right through the 2’ 6" tliekness of con- 
crete. Of courso in a resorvoir dain the 
leakage back through face would not 
take place, and Talo not beheve it would 





bo serious throngh good concrete of -a 
thickness necessary to give stabilty; but atthe samo time I do not 
believe that even such a masa would be absolutely free from leakage or 
‘sweating,’ woless fuced with good dense plaster. 

‘As regards size of stone, and proportions of stone and mortar, tho 
experiments give nothing conclusive. Tho blocks of emuallor sized stone 
looked better on their faces than those male of the bigger stone, but it 
would cartainly not in a large mass be necessary to make the whole hearting 
of small stone. Such stone should, however, be used tewards the faces, 
especially the ono to be plastered and te take the water pressure.” 


A similar experiment was made at the Periyar with conercte rammed 
in 6-inch layers exactly in the manner and with the materials cmployed 
on the works, The pipe was, however, embedded in the conercte, the 
outer surface of the pipe boing previously well plastered; and the 
pressure was also applied at nght angles to the plane of the layers _ 
instead of parallel to it. The result was that with 75 lb. on the square : 
inch water began to sweat between the two layers nearest to the mouth 
of the pipe, and with 10 lb. more pressure a distinct stream appeared. 

Speaking gencrally it may he said, on the occasions during the 

‘progress of the work when concrete was directly opposed to a head of 
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water without intervening plaster, that it was not found by any mcans 
impervious. A leak which succeeded in penctrating tho thick skin of 
unconrsed rubble masonry found little difficulty in traversing the conercte 
bohind. Such loaks had to be suppressed at the front. Uf treated in 
the concrete they broke out in anothor place, and the few that were 
allowed to continue were not interfered with, hut were conducted to the 
downstream faco and allowed to flow freely out. It is very difficult, 
though undoubtedly possible, to make a concreto that shall be 1mper- 
vious to a powerful head of water. Tho expenge attending such an 
attempt on the Perty4r Dam would have been totally disproportionate 
to the benefit attained. 


As a matter of subsidiary interest 1¢ may be noticed that in Mr. 
Walch’s trials— 


Gauge, Culie fect. Cubic feet. Cubic fect in 
stone, Mortar, finished block, 
3” 27°72 9-24 rammed down to 23°00 “ 
2itiZ Brod) y 20°00 
27°43 11°08 7 29°C0 
27°42 10°07 by 25°00 
FOAM o7T2 9-94 * °5°00 
o0°035 34 yy 20°86 
2a°10 Oe 2-f - 24°65 
cordl 9:24 ty 22°37 


The deduction is that the interstiecs in stone broken’ to these gauges 
and unpacked constitute more than one-third of the total bulk. Of course 
tho greatcr part of the stone was much smaller than the gauge through 
which it is passed. At the Periyér many experiments to ascertain the 
volume of interstices were made, and it was found that with stone broken 
to a 23” gange, taken at random froma heap, and packed by hand in 
a box, the interstices averaged over 40 per cent. On the works stone 
was dumped by coolies into boxes 6’ x 5’ x 4’, and mortar into boxes 
ex 2 «x 1’. Thoso when mixed, laid in situ, and rammed, diminished 
by very nearly one-fifth of the volume of the mixture unrammed. 


A. eertain number of blocks of concrete, L’ cube, were made on the 
works and subjected to pressure alter setting from one to six months, 
Experiments with such young blocks are never satisfactory, as they are 
unable to resist the rubbing and chiselling necessary to enable them to 


take the pressure plate ovenly. Unsupported cubes of small sizo are 
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also prone to crack at the corners before the material is really crushed. 
The blocks in this case were made principally to make sure of the 
adhesion of the mortar to tho stone, to inspect the condition of the 
interior after setting, and to arrive at the weight of the conercte. They 
gave, however, very satisiactory compression results, the block generally 
beginning to disintegrate with a pressure of from 40 to 50 tons on the 
square foot. It will be useful some years hence to cut blocks from the 
interior of the dam and subject thom to comprehensive tests. The 
averag’ weight of concrete used on the dam was very nearly 150 lb. 
to the cubic foot. 


The country in the vicinity of the dam was in great part clothed 
with dense forest and at first sight the supply of 
timber appeared inexhaustible. This, however, 
waa by no means the case. A considerable portion, and that in the most 
convenient situation along the banks of the river, had been felled and the 
land usod for cultivation by the hill people, and afterwards abandoned. 
Such land is soon re-covered with jungle, but the after-growth is mostly 
ecta, and contains no uscful trees. In the rest the under-growth was 
very dense and checked the growth of timber trees, which were besides 
too close together, so that really useful timber was comparatively’ scarce. 
The demand was large, since there were the lime-kilns to be supplied 
with charcoal, three steamers, a steam tunnclling-plant, and numerous 
boilers and portable engines to he provided with firewood. Consequently 
the price for stacking and carriage, which was at first small, increased 
rapidly and eventually became as great as in places where the wood 
itself has also to be bought. At the Periyér timber lond file required 
for the works was included in the lease of the land. Throughout the 
work unseasoned timber was unavoidably employed and was the cause 
of constant inconvenience. The principal trees used were teak, Leetona 
grandis for all purposes, blackwood, Dalbergia latifolia where a vory 
hard wood was required, Terminalia paniculata, the common tree of those 
_ parts, used for everything and bad for all, Terminalia chebula (Gall-nut) 
for firewood, Terminalia tomentosa, for timbor, Anogeissus latifolia for 
firewood, Artocarpus hirsuta (Angel), for many purposes but chictly 
boat-building. It is lighter than teak and makes a very good boat for 
quasi-temporary purposes. Dysoxylum malabaricum (white cedar) for, 
planks, Cedrelia toona, (ccd cedar) for planks, Sterenla feetida (poon) 
for long spars, derricks, «c., Lagerstreemia microcarpa (venteak) for 
shingles and firewood, Phyllanthus enbhea (hill gooseberry), an excellent 


Timber and fuel, 
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firewood, but small, Anthistiria cymbaria, the common grasa of these 
hills, for thatching, Ochlandra rhedii (esta) for cooly lines, 


Main Workshed. 


The river, after passing round the right flank of the dam or through 
the culvorts that were built at the higher levels, flowed back into the bed 
over a weir with its crest at + 24 built originally of piérs and shutters, 
which were constantly destroyed, and therefore eventually replaced by a 
solid wall. At the downstream or western end of this weir the main 
workshed waa built, running cast and west. The weir was far too short 
and in times of flood the workshed ran considerable risk and was occasion- 
ally damaged. At the eastern end of the shed was the motive power, 
a vertical turbine of 180 H.P. on a 25-feet head. The shed was in two 
storics, the lower floor being at + 27, and the upper at + 43. It waa 
~ built of uncoursed rubble in mortar on rock or heavy boulder foundation, 
but the vibration was so great that all the machines in the upper story 
were eventually mounted on vertical timbers based on the lower floor, 
strongly braced, and not touching the walls. On the upper floor was, 
first, the main shafting, driven direct from the turhine by a vertical 
shaft and bevel wheels. Opposite the shafting were, at each ond, Bax- 
te~’s stone-breakers, with 14” x 74” aperture, six in all, driven direct 
by belts, and between the two batteries of stonc-breakers two disinto- 
grators for lime and two for surki, dtiven by belts from countershafting 
on the lower floor, In front of each battery of stonc-breakers was 4 
conveyor for tho broken stone, at first of the spiral type, after constant 
breakages replaced by belt conveyors. These conveyors deposited into 
measuring drums just below the upper floor, Tho Hime and surki 
disintegrators fed into measuring drums below the upper floor and thenee 
into spiral conveyors. Sand was fed direct into measuring drums from 
shoots on the upper floor. The stone-broakers were fed from a platform 
below the roof and extending outside the shed on the northern side, tho 
stone being deposited on the platform by trucks from the quarrics. The 
hme and surki were fed into the disintegrators through holes in the roof, 
The lime, surki and sand conveyors suppliod two mortar mixcra mounted 
rather high on the ground floor, and these in turn deposited mortar into 
concrete mixers in a pit in the floor into which stonc was fed direct from 
its measuring drums at the same time. A pump driven from the main 
shafting forced water through a line of pipes with taps in suitable 
positions. rom the concrete mixer at the western end the concrete was 
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carried by a conveyor to buckets outside the shed ranged on a rail - 
situated on a platform on the bank of the river. The castern mixer 
deposited conerete direct into buckets, which were then raised by a hoist 
to the upper storey. For carriage to the work an overhead wire ropeway 
was used, capable of carrying 300 tons per 10 hours day at a speed of 
4 miles an hour, The wire was of the endless travelling description, on 
which the buckets were hung, suitable passes and tipping arrangemonts 
being made at the requisite spots, and the empty buckets coming back on 
tho retwn wire. This ropeway was also driven by belting from the maim 
shafting. <A fan, lathe, circular saw, vertical driller, and general joiner 
completed the equipment. The pump was connected to pipes leading to 
a reservoir at + 200 on the night bank, which supplicd the officers’ 
quarters with water by gravitation. 


The erection of this workshed was exposed to many vicissitudes, © 
owing at first to the incapacity of the mechanical engineers employed, — 
The building itself was ready for use by October 1890, but the firet 
mochanical engincer, a good fitter but a man with no control over himself 
or others, had by that time proved his incapacity and was dismissed. 
His temporary substitute, an ex-engincer of a small steamer, shortly 
afterwards died of drinking kerosine oil, the only substitute he corld 
procure for spirits. An Assistant Engmeer of the permanent staff was 
then put in charge but was invalided before much could be done, and it 
‘was with great difficulty in the intervals of other work that the turbine 
was at last fitted up, with unseasoned timber mmder the hed-plates wheh 
afterwards gave groat trouble by warping. An Assistant Engincer from 
the PubHe Works Shops in Madras was then sent up, and fitted and 
aligned the main shafting, but he too was shortly invalided. A perma- 
nent incumbent of ability and energy was then at last secured, and from 
that time progress was rapid and difficulties were speedily overcome. 
These difficultica, however, were abundant and after a full and patient 
trial arc-organisation was decided on. The following serious defects were 
discovered. The men feeding unslaked lime and eurki from the roof 
suffered from the dust. They were obliged to work with mouths and 
nostrils covered and were subject to severe internal pains, so that at last 
they came to work but three times a week and high pay waa needed to 
securo tho necessary hands, Inside the shed it was found that the 
disintegrators were far from dust-proof, in spite of special joints and 


other devices, and the unslaked lime and surki combined with dust from | 


om  ‘PERIVAR PROJECT. | | 49 


the stone-breakers rendered the atmosphere, even with the fan, almost 
unbearable for any length of time. The apertures of the atonc-breakers 
were too small, stone had to be specially broken to fit them, jams and 
stoppages were frequent, and the outturn was far below requirements, 

*'The spiral conveyora for broken stone have already been alluded te. 
Theso were utterly unfit for the purpose. The spiral conveyors worked 
well with lime and surki, but in the moist atmosphere of the Periydér the 
limo set hard along the inside of the conveyor trough and had to be 
removed nightly with chisels, or a breakage of tho spiral was the result. 
The measuring drums driven off the main shafting were found unsuit- 
ablo, since they tipped at tho same speed whether they were full or empty, 
and drums worked by hand were too expensive and depended on the 
regularity of the man in charge, a most uncertain factor—consequently 
the proportions of the various materials that passed into the mortar and 
conercte mixers were most unequal, and tho concrete was often so visibly 
bad as to necessitate instant rojection, while no absolute dependence 
could at any time be placed onit. Finally, the uniform outturn was 
entirely based on the regular running of all the machines, and the 
stoppage of any one necessitated the stoppage of the whole of that side, 
while anything like a breakdown required a complete re-arrangement of 
the drums. ‘Those drawbacks could in time have been overcome, but 
the space available was far too confined to afford proper room for feeding 
bins above and hopper reservoirs below the machines, and meanwhile 
the dam waa being seriously delayed ata period when time was of the 
greatest consequence. Atfer due consideration the concrete and mortar 
mixers and disintegrators were entirely cut out, and mortar was mixed 
in mills worked by engines or bullocks in convenient places and conveyed 
separately to the work. The stone-breakers wero retained and the stone 
conveyed direct to the ropeway and thence to the dam. The concrete 
was mixed in situ by hand. 


Until the workshod was ready for uso the stone-breakers were driven 
by steam on the right bank escape, but even then, and much more lator 
on as the work progressed more rapidly, it was seon thatthe outturn 
was insufficient. When the stone-breakers were all removed to the 
workshed two others, with aperture 20°12", were procured and 
driven by portatle engines in the open air on the escapes. These had 

| plenty of room and were fed more easily and could bo run at night, 
while the size of the aperture rendered jamming far less frequent; so that 
G 
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the outturn of these two was in reality greater than that of the other 
six, and they wore in consequence considerably cheaper. Their prox- 
imity to the quarry and the wide area of storage room around them 
enabled the contractor to supply stone direct from the blasting without 
previous stacking. This was initself a great economy. Being situated * 
on the escape at a level of + 144 they commanded practically the whole 
of the dam, and broken stone from them was run to shoots and shot 
straight down to the work-spots. This was an cnormous advantage. 
The main workshed being at a low level and the quarries high, the 
unbroken stone had to be run down an incline on which the full trucks 
pulled up the empty onos. While the dain was low this was no great 
drawback, but as tho work rose the broken stone had to be delivered 
up-hill, In case of a stoppage on the ropeway, which often occurred 
from broken strands or a resplice, the delay was very aggravating. In 
such cases coolies carried the stone up in sacks, but the exponse and 
confusion wero oxecssive. 


Canal. 


For conveyance of materials between the top of the ghant and tho 
main dam there were several possible arrangements. ‘The first, and that 
proposed in submitting the cstimates, was a metalled road, on which it 
was intended to run traction engines. ‘The second was a similar road, 
but shorter and with heavicr gradionts, without traction engines, 
materials being carried by ordivary carts. Tho third was a narrow gauge 
railway. Tho fourth was an overhead wirc-ropeway. ‘The filth was 
the cannlisation of the Mulya Panjén, the small river having its head 
noar Tékadi and running into the Perlydr about a mile above the dam. 


Tho first and third methods would have been of very similar con- 
struction. They would have necded careful alignment, easy curves and 
gradients, solid and fairly permancnt bridges and culverts, and a good 
deal of viaduct work and blasting, though in all these particulars the 
traction engines would have had acertain advantage. Both would have 
required careful and expensive maintenance, a very heavy item in the 
climate of theso hills, aud both would have been entirely dislocated in 
case of serious damage to any part. The first cost, both of way and 
rolling stock, would have been high, and the amount of firewood used 
would have caused a marked rise of price in that article and have neces- 
sitated well-organised arrangemonts for a steady supply of dry wood. 
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The traction ongines would have had an advantage in a consideration - 
which was not felt till some time after the works were commenced, 
namely, the indispensability of a road for carts whatever other method 
of conveyance of materials was employed It might be held that a road 
would be unnecessary with a railway in operation, but this is very 
doubtful, Any breakdown of the railway lasting more than a few hours 
would have caused intolerable inconvenience in the ahsonce of a road; 
but under any circumstances a road would have been cssential during 
the construction of the railway, which judging from expericnec in other 
matters would have been by no means an insignificant period, A road 
having been once made the cost of up-keep only would be saved by 
abandoning it as soon as the railway was finished, 

The use of a metalled road and common carts would have been casy 
and certain, but slow and expensive. The advantage of this’mothod 
would have heen its simplicity and elasticity and the absence of uncer- 
tainty concerning costs aud rates. As a matter of fact a great deal of 
the limestone used and all the grain, supplics, bazaar requisites, and 
private property and merchandise were actually carried to the works on 
carts by the road, but the cost was very great, and even if the works did 
not pay directly, they paid in the long run. The cost would have been 
somewhat leas had the road been better, but a large outlay cithor on first 
cost or maintcnanee was unadvisable, in view of the small normal traffic 
and of the fact that parts were certain to be submerged as the water rose 
in the lake. Jf the originally proposed method of passing the wator of 
the river during the construction of the dam had been adhored to, and 
if the level of the Jake had been thercby maintained uniformly low 
throughout, it might have been worth while to make and maintain a 
broad first-class road, This consideration, however, applies both to the 
railway and the traction engines as well as to tho road alonc. All 
must have been built at a high lovel, where the contours were much 
longer than near the bottom of the valley. The distance would have 
been great and the bridges and viaducts very heavy. A reasonably 
easy trace for a railway would have worked out to a distance of some 
19 miles. A road for traction-enginces would not have been more than 
about 12 miles, but there would still have been heavy rock excavation 
and bridging, A first-class road for carta would have been little less. 

The fourth method, an overhead wire ropeway, was not considered’ in 
detail till the canal was nearly finished, and it was found not to be worth 
_while. A ropeway up the ghaut had already beon determined on and 
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_ was constructed. The expense and difficulty of construction were very 
great, and though this ropeway did excellent work when it was at length 
got into order, the experience gained did not favour the notion of another 
and considerably longer installation, chiefly on the grounds of delay and 
difficulty. It must be remembered, however, that the country between 
Tekadi and the Perty4r was much ecasicr than tho ghaut, timber and 
labour were handior, and the work would have been done much faster 
and cheaper. This ropeway might have been partly or entirely driven 
by a turbine at Periydr and the drain of firewood would not have been 
nearly as largo as for a railway or traction-engines. Heavy goods could 
not have been carried on it and a fairly good road as an auxiliary could 
not have been dispensed with, Looking at the mattcr, however, in the 
light of actual experience, it is not improbable that this would have been 
on the whole the best way of surmounting the difficulty. It would have 
been far less liable to damage than a railway or canal, and damage 
could be much more easily repaired. The alignment would have been 
shorter and casior than a railway or first-class road, and there would be a 
groat saving in the cost of permanent way, while locomotives and rolling 
stock would have probably cost moro or not less than wire rope and 
stationary engines, both in first cost and upkeep. It would have been 
almost independent of weather and would have needed loss skilled 
labour. 

From every point of view a canal appeared on primé facie grounds 
the most suitable of all the methods proposed. <A small river, needing 
little alignment, ran already in the reguired direction and the total 
length need not be more than 8 miles. Rock was presumed to be not 
far from the surface, so that the construction of cheap locks or dams 
would not be difficult, The materials required were morely stone, 
mortar and timber, which are cheaper than iron goods and machines 
and (what was of more importance) could be quickly and easily obtained. 
Less skillcd labour would be needed both for construction and mainte- 
nance, and actual carriage would be cheap and of a nature suitable to the 
genius of the country, being both simple and slow. No re-adjustment of 
the arrangements would be necessary, since cach reach would become 
merged in tho lake as the water roso and the distance would become less 
instead of greater, Even on the score of first coat, generally a prominent 
factor in canals, the advantage scemed here to be with water carriage, 
since little oxcept light masonry works was necessary to form a channel 
quite good enough for temporary purposes. 
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On all hands, therefore, a canal seemed preferable, and its construc- 
tion was decided on. The details, diffierties and contretemps will he 
described as they occurred, but it may he stated here that thoy were a 
grcat deal more frequent and more scrions than was anticipated, ao much 
so that at times it scomed as if any other method would have heen pre- 
ferable. Itis however doubtful if they would not have been at least as 
oppreasivo with a railway or a first-class road with traction-engincs, and 
had either of these courses been adopted, it is at least open to speculation 
whether a canal would not have at times been more ardently wished for 
than was ever a railway. 


Construction of Canal. 


The first operation was the alignment, which was not a mattor of 
serious difficulty, though complicated by the dense jrmygle on the banks 
of the stream, which retarded the surveys and interfered greatly with a 
thorough inspection of the ground. A siuitable line was laid out by 
February 1888, the distance to the mouth of the river being 8 miles and 
to the dam 9 miles, with eleven locks with an average drop of 84 feof. 
A very simple design was adopted and the chambers were small, the most 
- expensive items in the estimate being the gates, which were necessary 
substantial owing to the head of water to be retained, ‘The design was 
similar to that of a sccond-class lock-gate in the Kistna, with valvea in 
tho gate worked by a rack and pinion. ‘T’ho estimate for cach lock was 
Rs. 4,000 or just double the allowance in the sanctioned estimates. Tho 
lift and quoin walls were of conercte, the chamber of carth sloped to 1 in 
4 and revetted. Weirs of rubble in mortar 30 fect long were allowed, to 
pass 500 cubic feet per second, which was taken to be the maximum 
dischargo of the stream, as far as Nataman’s valley, below which an 
increased length was estimated for. 


The first two locks were begun at once and by April 1888 were 
partially finished, and doubts already began to arise whether it was 
advisable to build the others. ‘The expense was much greater than was 
anticipated, and worse still the time oceupied in construction scemed to 
portend a quite intolerable delay, These considerations grew stronger 
as time prococded, and by August it beeame obvions that another plan 
was necessary. Accordingly it was determined to block up No. 2 Lock 
and convert it into a dam, to substitute three dams for the next eight 
locka and for the last picce a short lino of tramway as far as the point to 
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which the Periydr backed wp on account of the temporary dam in front 
of the main dam. This eutailed the expense and delay of tranship. 
plog arrangements, but there was vo other resource. Tho foundations 
at the proposed sites for locks were found to be far leas favourable 
than was expected, the river hed being of permeable shingle or houlders - 
instead of solid rock; nor did the sites admit of much alteration. The 
dams were fewer and admitted of more ¢] asticity in the choice of site, 
‘The cost of the locks was, as already stated, very high, and threo dams 
were certain to be cheaper than elght locks. But the chief difficulty 
was on the score of labonr and snpervision. Each lock entajlod a 
separate little camp in the jungle and separate su perintendenee. Both 
coolies and skilled labourers were most reluctant to be omployed on these 
works, what with bad lodging, had water, diffieultics in food-supply, and 
terrors of wild beasts—the latter not by any means altogether imagin- 
ary, sinec clephants had to be constantly driven off with tom toms and 
firchrands and the night was full of significant sounds. Ata later 
period in the works one man near a wood-cutters’ camp was killed by a 
tiger, and another man mauled in the doorway of bis hut in the camp 
itself. The dams of course entailed the same troubles, but in a minor 
degree, and were undoubtedly of two evils the less, Their constrnetion 
was, therefore, briskly pushed on, and the canal ag finally decided on 
became of the form shown in the longitudinal section. Tits construction 
is summarised in the following résumé of the monthly progress reports. 


In Septembor 1888 the report of progross stated that clephants had 
beon unusually troublesome, breaking into a shed at No. 2 Dam, and 
tuking out and destroying two barrols of Portland coment (a material 
for which they had a special weakness), pulling up furlong stones set in 
concrete along the road, and so on. By the ond of February 1889 
the dams were completed with the exception of a fow days’ work at 
No. Land No. 3. During the fever months nothing was done, and in 
July No. 3 Dam was topped by floods in the Muliya Panj4n and Nos, 1 
and 2 nearly so, in spite of vents left in them for the passage of water, 
but no damage was done, During the next season earthwork was 
proceeded with, tho waterway cleared of standing and fallen treos, tow- 
paths formed and arrangements made for navigation. In July 1890 
the weir of No. 2 Lock was carried away by troes dashing against it, 
but the dams were in good order and the transhipping arrangements 
Were commenced, but the unhealthiness of the camps and the lack of 
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establishment rendcred progress slow, the whole of the labour sometimes 
deserting a piece of work. The unloading arrangements were com- 


pleted in Soptember, but the re-building of No. 2 Lock weir gave much - 


troublo, and it was not completed till January 1891, by which time a 
heavy leak had appeared round the flank of No. 2 Dam, which com- 
pelled the lowering of the water for inspection and repairs. The canal 
was, however, now in partial uso and it had become evident that for the 
third reach a steamer for towing was required, ‘This was accordingly 
purchased from the Tansa Water Works. By the end of March of this 
year the whole canal was reported ready for nse. Tt was, however, con- 
sidered unwise to attempt to make the expensive piece of tramway below 
the last dam, and materials were aceordingly unloaded at a whart 
between No. 2 and No. 3 Dams and were thenee conveyed to the main 
dam, a distanco of about 2 miles by cart. ‘Phe trouble aud expense 
were, of course, great, but it was considered that by the time the 
tramway and othor arrangements were finished progress on the main 
dam would have backed tho water up to the foot of No, 8 Dam. 


In October No. 3 Dam breached, probably from overslaked lime 
having been used in its construction. The bank between No, 2 Lock 
an its weir also breached, owing to heavy rain and a flood in the Muliya 
Panjan. Tho latter damage was quick!y repaired and limestone was 
carted from No. 2 Dam, whigh was close to the road. By the end 
of January 1892 No. 3 Dam was rebuilt, but as the first and shallowest 
reach ran dry during tho succeeding month water was not held wp 
against it. Limestone was carted all the way from Tekadj and advan- 
tage was taken of the canal being unwatered to carry ont certain 
improvements in transhipment. In July of this year 234 inches of rain 
fell including 6°80 inclios on the 28rd. The bund of the turbine 
reservoir breached and aggravated the flood in tho Muliya Panjdn, and 
No, 3 Dam was undermined: and overturned, most of the transhipping 
arrangements washed away, and several barges sunk. <A bund of earth 
and sand bags was built below the wharf to replaco No. 3 Dam and 
other repairs were completed by October 15, but the bund collapsed 
within a couple of days, and from that timo limestone continued to be 
carted from No. 2 Dam. Water, however, failed by the end of Noy- 
ember, and the canal did nof. fill again til the following July. From 
this time reports alternated between “ Canal in good order and traftic 
regular’ to “No water in canal.” From July to January in each 
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year it genorally worked satisfactorily, and as tho various dams. were 
gradually submerged by tho hacking up of tho water in tho P€riydr 
the supply in tho canal had less call upon it. 


By July 1895 the water in the Periyér was backed up a height 
sufficient to allow uninterrupted water carriage from Tekadi to the 
main dam, and the canal may be said to have then ceased to exist. Its 
history has been given at some length, with a view to oxplaining 
the trouble and expense of which it was itsclf tho subject and which 
it caused indirectly in the dislocation of traffic whon it was supremely 
important to maintain au uninterrupted supply of material. It will 
have been scen that the whole of the working seasons of 1889, 1890, and 
1891 were oceupicd in constructing this canal and during all this timo 
limestone and such other materials as eame from the plains were delivered 
by road. Tho locks and dams were finished by March 1889, and it 
was the carthwork, towpaths, clearance of obstructive jungle, and tran- 
shipping arrangements that ocoupied the rest of the time. The jungle- 
clearing was a most tedious operation, since a track for boats had to be 
marked out and the trees and undergrowth felled and removed in water. 
The rise of the water level then rotted other trees which fell in ereat 
numbers across the fairway and had to ho dislodged piecemeal. All 
theso things could have been done easily in a good climate with 
plenty of labour and appliances, but the drawbacks of situation already 
alluded to rendered it a matter demanding the most unremitting 
exertion. 


It may further bo pointed out that the canal was never used below 
the wharf between Dams Nos. 2 and 3, nmitil No. 3 Dam was finally sub- 
merged; and archandling and cartage of 2 miles was the result. An 
estimate of rates basod on the presumption of cheap water carriago 
throughout the duration of the work was therefore certain to be much at 
fault, oven had the rest of the canal been.in working order the whole 
time. Of such length of the canal as was habitually need it may be 
said that it answered its purpose admirably and formed a cheap, easy, 
and efhcient means of transport, Even this was however dependent on 
two factors, namely, the supply of water to the ropeway up the ghaut 
and the supply in the canal itself. When the formor stopped it was 
found that.it did not pay to cart limestone up the ehaut, ship it at 
Tékadi, aud unload it into carts again at the wharf. When the wiro 
ropoway was not working the canal was, therefore, practically inoperative, 
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At favourable times stocks of limestone were accordingly pushed forward, 
but at cortain scasone of the year the road was always heavily taxed. 
This is an illustration of one of the defects of water-power or water- 
carriage when the supply is not unlimited. Fuel can always be obtained 
in some way or other and steam-power therefore can be readily expanded. 
Water-power does not possess a corresponding clasticity, though as 
far as it goes and under favourablo conditions it 1s undoubtedly very 


cheap. 


A word may perhaps be devoted to the transhipping arrangements. 
The limestone, which was almost [the only article earried, was loaded in 
opening boxes which were first lifted by stationary cranes mounted on the 
dams, and then placed on frames, mounted on wheels, which were run on 
rails laid on piers behind the dam to shoots. The boxes bemg opened 
the stone ran down the shoots into similar boxes arranged in a boat 
waiting below. The shoots were swung on pivots to allow for variations 
in the depth of water. ‘The boats were flat bottomed, of wood, generally 
40 feet long by 10 feet wid# and 3 foct deep, carrying a free-board of 
about 8 inches when fully loaded. They were originally square-ended, 
but were afterwards all fitted with bows—~a great improvement. The 
conditions of haulage in the various reaches were so various, that it is 
useless to give particulars of loads carricd or distances covered. , 


The actual cost of the canal was Rs. 1,20,000° excluding maintenance. 


Wire Ropeway Transport. 


The reasons for determining on this method of transporting material 
from the foot of the ghaut to the top are fully set forth in pages 25-27. 


The report there quoted sets forth the principles of the original scheme 
for the ropeway, the details of which were but slightly deviated from and 
then chiefly in dctails. 


The main features in which the ropeway erected differed from that 
originally planned were— 


(a) The ropeway was driven by a separate turbine and not by the 
turbine dvivine the tunnel air compressors. The water- 
supply which fed the tunnel turbine, after passing through 
that turbine, was led by a contour channel half a mile in 
length to the driving station of the ropeway. The turbine 

H 
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used was a 60-H.P., Girard turbine and the fall available 
and used was 179 feet. 

(3) The length of the ropeway was increased from 12, 000 to 
16,610 feet. 

(c) The material carried was limestone and a small quantity of 
surki only, all other materials and stores being transported 
in country carts. 


The form of post recommended by the English contractora for the 
machinery was a four-legged trestle post of squared scantlings. A trial 
was given and results showed that were this form adhered to the ropeway 
would take years to erect. It was accordingly decided to restrict the 
employment of this form of post to those posta which were upwards of 
90 feet in height and to make the others out of single trees or two trees 
spliced. As the line passed through thick jungle troes of the size required 
were not hard to find. Elephants were employed to drag them to site 
and a gang of lascars from the West Coast was employed to erect them. 


Tho great objections to the single tree posts were (1) their hability 
to twist, (2) their destructibility by white ants, (8) susceptibility to wet 
and dry rot. To obviate these objections the following steps were taken in 
each case :—(1) Guys were used but were often stolen by passing coolies 
and cart-men. (2) Sulppate of copper in solution was put into holes so 
arranged that tho whole area of the post was covered. This met with, 
such a moderate amount of success that it was discontinued on account of 
the expense. (3) The closcst attention was given to the posts to prevent 
wet or dry rot and the usual remedies employed, with but partial success, 
aa the trees were cut down and used at once without being in any way 
seasoned. } 


Results showed that the four-legged trostle post was the better for 
permanent use, but that considering the length of time required for 
erection and the expense and the difficulty of obtaining seasoned scant- 
lings, the single post system was the beat for temporary use in that 
particular locality and under the particular circumstances prevailing at 
the time of erection. 


When posts were pulled down owing to d¥y or wet rot or white ants, 
they were replaced if very short by three-legged posts of 4” W. I. pipes, 
and if over 24'-30’ by a four-legged trestle post of wooden scantlings. 


The ropeway was divided into four sections—— 
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A--B 5,660’ A being the terminal station at the upper end, 
B—C 2,700 and Hat the lower end, C being the driving 
CD 2,060’ ; 

6 300" station and an angle, and B and D being two other 
D--E ——— 

16,600 angles. 


The span between the posts never exceeded 300 fect. In stretching 


the rope, which was done by winches placed on the top of convenient 


+ 
hills, the sag allowed for cach span was not less than 55000 





The first rope used was Bullivant’s stcel wirerope, Bullivant’s lay, 
the circumference being 22 inches. ‘Tho second rope was the same 
size but Lang’sa lay. The rope travelled and the buckets were attached 
by Carrington’s runners and hangers. The weight of the bucket, &c., 
was 741 lb. The capacity of the bucket was 1-% cubic foet of limestone 
and 1 cubic foot of surki bricks. 


The speed at which it ran varied from 2}-3 miles per hour. 


Tho first rope worked for 9—10 months and was badly worn after 
running only three months, No doubt this was in great| measure due 
to the rope having lain in a river bed covered with sand on its way up. 
The second rope was Lang’s lay and worked until the ropeway stopped 
without signs of appreciable wear. 


The lift from station If to C was 1,100 feet. 
C-B about 350 feet. 
B to A a drop of about 200 feet. 


Making the total difference in height between E and A about 1,250 
feet. 


The guantity of material carricd per working day averaged 40 tonsa, 
The working day may be said to have been about 7 hours actual running 
on the average, so the quantity carried per hour exceeded 5 tons. ‘The 
cost was Rs, 8-4-0 per 5 tons for line lascars, loading and unloading, 
in addition to which a repairing establishment of 1 carpenter, 1 smith, 
1 bellows boy, 4 coolies, 2 boys and 1 driver, was maintained at a cost 
per working day of Rs. 6-6-0. The cost of small stores was on the 
average Rs. 2-10-0 per diem, bringing up the daily cost to Rs. 9 or 
5 tons per Rs, 1-2-0, so that the actual cost per 5 tons may be taken to 
have boon not less than Rs. 4-6=0, 


The best mixture for keeping the rope in order was found te be tar, 
mica, grease, and oil. 
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Main Dam. 


A description may now be attempted of the work to which all that 
has been thus far narrated was subsidiary, the construction of the main 
dam. 

After the preliminary proceedings which have been touchod on at the 
beginning of the present chapter, work on the foundation was resumed 
at the cnd of June 1888, but little could be done during July and 
August except carthwork on account of the weather. The following 
extracts from the Clhicf Engineer’s Report on the foundations deseribe 
the conditions and summarise the progress :— 


“The bed of the river at the site of the dam is of rock, sloping very 
gently for a short distance on each flank and then dropping suddenly, in 
some places vertically, towards the deep channel! in the centre of the bed. 
This deep channel is from 40 to 80 feet wide and from 12 to 20 feet below 
the surface of the water when at its lowest, this surface being 2 feet 
above the datum line of the Periydr surveys, The maximum flood level is 
about 20 feet above this datum, but the highest flood recorded since the 
works were begun is 15 feet above it. The existence of this chasm in the 
river-bed has added greatly to the difficulty and expense of getting in the 
foundations ; it gradually narrows both above and below the site of the dam, 
and disappears entirely a short distance in cach direction, but the nature of 
the banks prevents any great deviation from the actual site. When the 
original designs were prepared the existence of this chasm was not known, 
and the bed was supposed to be a tolerably smooth rock with its greatest 
depth not moro than 6 feet below the minimum water level, and the scheme 
of construction described in the original report was based on this supposi- 
tion. It was intended to construct a temporary dam distinct from the main 
dam, a short distance above it, to a height of 30 feet above datum, anda 
similar dam 10 feet high below the main dam, the space between these two 
dams being pumped out to enable tho foundations of the main dam to be 
putin, The object of making the upper dam 30 feet high was to obtain, as 
soon as possible, suflicient head of water for working the machinery for the 
manufacture of the concrete to be used in the construction of the main dam. 
When the banks were cleared of jungle and the real conditions ascertained, 
it was evident that the upper temporary dam could not be constructed in the 
position or by the process originally intended.” 


The jungle was of the thickest and most impenotrable nature, the 
undergrowth being composed chiefly of eota (Ochlandra rhedti) and 
rattan creeper, through which lanes had to be cut with axe and chopper 
in order to take the cross sections of the valley. It was, therefore, very 
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difficult to ascertain at a moment’s notice the exact conditions of the 

~river-bed at this point. The sito, it may be remembered, was suggested 
Jast of all, and was selected for othor considerations than the oxact level 
of the river-bed. Later on the jungle on the banks was turned to account 
for hut-building and firewood, so that before the work had proceeded 
very far the banks for somo distanco above and below the dam became 
perfectly bare. 


+. 


‘Tt was then determined to build this (upper temporary) dam about 200 
feet higher up the river, where the central chasm was much narrower, and 
to lead the ordinary river discharge round the main dam by a channel cut 
in the earth of the right bank, 


‘The flank portions which were in no great depth of water were put in 
without any serious difficulty, though with frequent interruptions from floods, 
the protective works being carried away again and again. In order to 
obtain afoundation forthe central portion it was dotermined to fill the 
central chasm with dry stone up to water level, and to build upon the base 
thus formed. By theend of February 1889 the flank portions had been 
built up to+13 above datum, vents heing loft for the passage of water until 
the completion of the dam when it was intonded to close them with weoden 
shutters. Thecentral portion on the dry stone base was up to 10 feet above 
datum, and the base showed no signs of settlement. It was intended to 
leave the flanks at +13 until the contral portion was up to + 20 and after- 
wards always to keep the central portion well above the flanks, so that 
floods might go over the latter and the rubble base not be disturbed by 
falling water. 


‘‘At the period mentioned freshes of any magnitude are exceedingly 
rare, and there was every reason to oxpect that the central portion would be 
carried up to the height required without interruption. Unfortunately this 
expectation was not realised; on the night of the Ist March there was 
hoavy rain over the greater part of the river valley and early the following 
morning the river rose suddenly, the discharge rising from about 300 cubie 
feet per second to 4,000 in less than an hour. Of course the greater part 
of this discharge passed over the central portion, the upper part of which 
was quite fresh, and the green masonry was entirely destroyed, As far as 
could be seen from very careful observation the rubble base did not yield 
at all till after the masonry gave way, but of course when the latter was 
removed and the whole discharge passed over the former, a good deal of 
the stone was removed by scour. 


“Tt was too late in the season to think of restoring the damaged portion 
on its old lines and it became necessary to consider whether a different 


- 
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arrangement could be adopted. The flood which caused the injury described 
above was not of long duration and by the 5th March the river had returned 
to its normal condition. It was then necessary to decide and to decide 
promptly what change of plan was practicable, To re-build on the former 
lines meant a whole scason’s delay; only four weeks more remained during 
which work was practicable, and it was physically impossible to complete 
the dam within that period, while any work left unfinished would be 
infallibly destroyed in June; practically therefore it would be necessary 
to wait till the following January before anything could be done. It was 
decided therefore to abandon the idea of constructing a temporary dam 
separate from the main dam mercly to raise water to the height necessary 
for working the machinery, and simply to enclose the site of the main dam 


by a coffer-dam of sufficient height to keep out the ordinary cold weather... 


stream. It was recognised that thia coffor dam must be of masonry, as 
except from January to March it was impossible to reckon on a fortnight 
without a fresh which would carry away an earthen bank. 


‘The first step was to construct a row of masonry piers (see plan) as close 
as possible to the right edge of the deop chasm, extending from the tempo- 
rary dam to a short distance below the rear face of the maindam. Theso 
piers wore 6 feet apart, 5 feet wide, with thoir tops at + 13, 3 feet thick at 
top with their rear faces stepped 1 foot horizontal for 2 feet vertical. It 
would have been better to have made them somewhat thicker, ag tne 
dimeusions given left very little margin of stability against sudden shocks 


(in fact several were afterwards carried away by trees striking againat them), 


but it was feared that if this were done it would not be possible to com- 
plete them by the end of March. The portion of the temporary dam 
between the line of piers and the right bank was removéd and the piers 
continued a little higher up to a point where tho central chasm was still 
narrower and shallower, and the line was then continued down the left side 
of the chasm to tho left portion of the tomporary dam. 


‘Tt will be seen from the plan that when the spaces between the piers 
were closed by wooden shuttera or other means, and a dam put across the 
river between the lower end of the line of piers and the left bank, the site 
of the main dam would be completely enclosed as long as the discharge of 
the river did not exceed what could be carried by tho space between the 
piers and the right bank (about 2,C00 cubie feet per second), and if the 
coffer-dam wore watertight it would only be necessary to pump out the 
enclosed space to enable the foundations of the main dam to be put in 
without difficulty. It was, however, certain that the coffer-dam would not 
be watertight, especially at the upstream end where the closure would have 


to be made by sand bags, and that the leakage would be more than the 
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pumping power at our disposal could deal with. A second dam was, there- 
fore, necessary above the main dam, to take up this leakage and pass it by 
a minor byewash on the left flank. It was at first intended to make this 
byewash with piers and shutters similar to those on the right bank, though 
not so high, but time did not allow of the completion of the whole of the 
piers, and for part of the length an earthen bank was substituted, which 
acted quite satisfactorily. The construction of all the piera shown on the~ 
plan was finished by the end of March 1889, when work was suspended till 
July. 


‘In most years there is an interval between the two monsoons (from 
the middle of August till the middle or the end of October) when the river 
is comparatively low, and it was thought possible that the cross dam might 
be put down and a portion of the masonry got in during this interval. In 
1889 this interval did not exist, the discharge of the river being almost as 
great in August as in July, and in September and October considerably 
higher. On the other hand, the north-east monsoon waa an entire failure 
and there was very little rainin November. The intervals between the 
piers were in that month closed by wooden shutters and the central gap 
between the upper end of the right and left bank rows was closed by a mass 
of sand bags. It may be mentioned here that sand bags were very freely 
used and were found invaluable for closing gaps of all kinds, such as those 
left by the destruction of piers by floods, In some cases they were put down 
when the velocity was so great as to carry away the bags like pieces of 
paper, but there was never any serious difficulty in checking tho volocity by 
wooden trestles and planks under cover of which the bags were deposited. 
The flood of the 18th December passed 2 feet over the sand bag bank at the 
upper end of the coffer-dam and did no damage beyond the displacement 
of a few bags in the rear slope. Towards the end of November it seemed 
likely that no more floods were to be expected, and the construction of the 
cross dams was put in hand’’. 


These dams were formed of wooden trestles carrying two rowa of 
sheet piling with a filling of earth, and as these trestles played a promi- 
nent part in the operations in the hed of the river they merit a passing 
description. They were in lengths of about 30 feet and were built on 
shore. Uprights of lengths suitable to the depth of water were set up at 
distances of 5 feet apart in the line of the dam, 12 feet apart at top and 
sloping outwards and downwards with an inclination of 1 in 4. ‘To 
these uprights were fastened longitudinals at vertical intervals of 10 feet. 
The longitudinals were doubled, that is, one was fastened before and one 
behind each upright. Distance pieces were then fixed and the structure 
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was ready for launching. The whole was made of unsquared timber of 
a maximum diameter of 8 inches, 


if 
e---18.-2-5 





River 


Careful soundings had previously been taken, so that the requisite 
length of the verticals both on the upstream and downstream side was 
known and each trestle was built for a particular position. When all 
was ready the trestle was launched on a raft and floated into position, 
where it was sunk by tying on large boulders. Sheet piling waa then 
driven down to the bottom between the longitudinal guides, and thus an 
enclosed space was formed from which the water could be expelled by a 
filling of sand bags or loose earth according as the water was running or 
still. The rocky bottom of the river precluded the use of vertical piles 
unless of steel. There were no steel piles at hand nor any appliances for 
driving them—a difficult matter in more than 20 feet of water; while 
timber trestles could be made up on the spot and put down much more | 
quickly. ‘The uaual filling for a coffer-dam of this description is clay ; 
‘but snitable clay was not available, the earth throughout these hills being 
either soft vegetable mould or decomposed syenite which stood well when 
dry but turned to slush in contact with water. A dam of rubble tipped 
into the river might have been made, but it would have leaked excessively 
and would have used up a great deal of stone which would have been 
irrecoverable. Such a dam, made watertight by earth or sand bags in 
front, would have cost more and taken longer to make, while all the stone 
readily procurable at the time was required for the rubble in“mortar walls 
to be built inside the coffer-dams. 


The trestles being put down every energy was directed to enclosing 
the site of the main dam. Earth was poured into the trestles from both 
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ends day and night. The main stream of course passed by the right 
byewash, and the only current in the portion of the bed occupied by the 
cross dams was that due to the leakage (which subsequent measurement 
proved to be from 25 to 30 cubic fect a second according te the level of 
tho water outside the picrs and shutters). Though the watcr in the pool 
. was thus nearly still there was a slight stream running throngh the sheet- 
piling which made the filling a slow business. ‘T’o defcat the stream 
various devices were resorted ty Bamboo mats were nailed on the shect- 
piling to cover the interstices, sand bags were sunk on the upstream toe 
to fill the crevices between the ends of the piles and the inequalities of the 
rocky bottom, and trestles were divided transverscly into short lengths 
by vertical piles resting against the distance pieces, If earth was poured 
in gradually it went through in the form of muddy water, so largo 
masses were collected at the tips and shovelled in hastily. By this means 
an abutment was formed at the two ends and the bed was also gradually 
covered and the filling then progressed quickly till but a short length 
remained to effect a junction between the two tips. ‘Lhe leakage however 
had concentrated at this point and the velocity wasigreatly incroascd, 80 
much so that there was a difference of level of 14 fect between the 
upstream side of the upper cross dam and the downstream side of tho 
lower. The gap was almost filled again and again only to cave in and 
disappear at the last momeut. The difficulty was at length overcome by 
a liberal use of grass rollers mixed with carth and by dividing the space 
into small squares by vertical planks and filling cach in an instant with a 
large mass of carth. Tho crest of the upper cross dam was finished off 
at + 8, which was considercd cnough to turn the leakage into the left 
byewash; and the crest of the lower cross dam was stopped at + 6. 
This made the upper 26 fect high at the decpest place and the lower 21 
fect, the deep bed of the river at these two points bemg—-18 and—Lo, 
respectively. It was calenlated that the amount of carth used was more 
than 80 times tho contents of the cross dams and the whole site of the 
main dam, and the space enclosed by the cross dams was covered with 
slush 6 to 8 feet deep. The cross dams even when finished had to be 
incessantly watchod, and an emergency gang with a large quantity of 
carth was kept ready day and night to repair the cavitics that constantly 
occirred. Many of the coolios were extremely good at the work, being 
experienced in it from childhood. A ring of them would form round a 
cavity pressing closc leg to leg and almoat cxcluding or at least broaking 
the rush of water. ‘hey were then buricd wp to their waists in carth 
1 
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by their comrades, and pulled out by main force, when the operation was 
repeated until bit by bit the breach was healed. Much of this work took 
place at night and the exposure in water ata lovel of 3,000 fect above 
the sea in December was very trying. The coolies had, therefore, to be 
enconraged and assisted in every possible way, and had it not been for 
the medicinal virtucs of arrack it is difficult to sec how the Periy4r. Dam 
would ever have been built. The strain on the staff was of course also 
very great. | 
During the operation above described the engine and pump were 
being placed in position. The engine, a 12-IE.P. portable, had to be 
brought 7 miles from Tekadi along an exceedingly bad road over cul- 
verts made chicfly of branches of trees. When it at length arrived it 
was run out across the right byewash to the edge-of the pool, where it 
was fixed on a timber platform. The pump, an 8-inch centrifugal, was 
then fixed on another platform over the docp bed of the river and 
pumping commenced on December, 17th, three days after the cross dams 
were completed. On the following day there was very heavy rain 
(3 inches in 4 hours} and during tho night the river swelled to a dis- 
charge of about 6,000 eubic fect a second. Two of the picrs were 
destroyed and the upper cross dam almost entircly carried away; the 
lower dam was much less injured than. oxpected, nearly half of it being 
left almost undamaged ; the trestles carrying the pump and pipes were 
overturned, and the pump buried in the bottom of the river where it 
remained til 16 was dug outin April, <A still higher flood oceurred on . 
December 28th, and it was not until the middle of Jannary that the 
river was low cnough for work to be resumed. A certain delay was 
however Inovitable while wood-work for a fresh act of trestles was being 
prepared. 
| On January 12, 1890, the river was again attacked, and time heing 
of the cxtromest importance tho utmost despatch was used. Tho gap 
caused by the destruction of the piers above mentioned was closed by 
sand bags, and the erection of the trestles for the croas dama heeun on the 
léth. The latter were entirely completed and pumping begun on the 
27th. ‘The work was in one way easier, since the chasm in the river bed — 
having been completely filled with mud, most of which remained, there 
was a mud instead of a rock bottom to work on. But many of the 
planks, timbers, sand bags, &., also remained and the trestles were not 
so casily fixed or the piling rammed so closc. In other respect the 
‘same difficulties were met as before, but previous experience enabled them 
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to be overcome more quickly, A shght delay was cansed by a slip in 
the lower dam which let the water into the enclosure when nearly dry, 
but the site was sufficiently clear to enable masonry to bo begun on the 
80th. It was of course impossible, in the time available, to get in the 
foundation over the whole area of the dam, even up to normal water 
level, and it was therefore determined to construct only the front and 
rear portions (vide sections} up to such a level .as would be safe from 
submergence by moderate freshes, leaving the central part to be done 
in the following season. Of the two walls to be thus constructed the 
front one was designed for a height of 25 above datum or 43 fect above 
decp bed, so as to allow the water to be raised as soon as the machinery 
was ready for work, though it was not expected that it would be com- 
pleted to this height during the current season. The lower wall was to 
be 71 feet about datum, or 223 feet above the deep bed—a height ~ 
sufficient to keep out all floods which did not top the front wall. 

In order to build tho front wall in the most satisfactory manner it 
would have been necessary to commence at the lowest point, loaving o 
vent for the leakago to be afterwards closed, and had there been time 
or room this course would have been followed. But for this purpose it 
would have beon obligatory to wait until all the water had beon pumped 
from the enclosure, slush and débris cleared down to the rock round the 
pump and alone the whole length of the foundation of the wall, and 
both the upper cross dam and the rest of the slush safely shored up. 
The time at disposal however admitted of no delay, nor was there suffi- 
cient space between the cross dam and the front line of the wall for 
timbering. As slush and débris were removed the flanks of tho site of 
the wall were first exposed, and they were at once cleaned up and 
masonry begun. ‘I'he work was casy at first; but as moro slush was 
removed tho leakage became greater and the cross dam threatened to 
slip and had to be shored up, the timbers being removed and masonry sub- 
stituted in very smat! lengths, while the leakage was conducted along the 
toe round the new masonry to tho pump. Had all the slush been removed 
before any masonry was built the cross dam would certainly havo alipped 
or collapsed. As it was it constantly bulged and the leakage increased 
daily, and the only alleviation was to fill up at once with rammed earth 
between the cross dam and cach new length of masonry. As the two 
ends approached each other all tho difficulties became accentuated and — 
the bulging and timbering and leakage conduits ontrenched so on the 
sito of the wall that it became a matter of the greatest trouble to 
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adhoro tothe front line, and in fact for a short length in the deepest 
part the toe of the front wall is nearly a foot behind its proper place. 
When but 2’ remained to effect a junction the situation became acute. 
The leakage, which had greatly increased, was pouring through the small 
space in a rapid stream to the pump. A pipe had been left in the wall 
a little to the right, but the rock there being higher the pipe was higher 
and it was found impossible to back up the leakage sufficiently to force 

, Tauch of if through the pipe. The space of 2’ width running through 
the thickness of the wall was made crooked. 


Front of Cross Dam. 
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and at the back of the wall were built two piors, attachod to the wall 
and forming with it two grooves. In these grooves a shutter 3’ deep 
was fixed and carcfully caulked ail round with oakum plastered with 
clay. It was very nearly watertight and tho result was that the running 
water was raised to the level of the top of tho shutter, below that level 
being still water. Long flexible bolsters made of porous long cloth and 
filled with neat coment and a few stones were then laid very quickly in 
the still water up to the top of the shutter, and the pump was immedi- 
atcly stopped and water allowed to riso in tho enclosure. With the 
diminution of head the leakage and the consequent stream of course 
became much less and the cement had a chanco of sctting in still or 
nearly still water. Atjintervals of three days the water in the enclosure 
was pumped out and the proccss repeated, but with cement concrete inatead 
of neat cement. With every rise of the wall the space between it and 
the cross dam was filled with earth and the leakage diminished until 
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no special arrangements for building were required. The operation was, 
however, only partially successful, since a certain amount of water 
(about 1 cubie foot a second), found its way through the cement bags 
and the concrete above it. This may be attributed partly to tho inherent 
defects of the contrivance and partly to the extreme haste which was 
the very firat consideration. Tho sucecss would have been probably 
more pronounced had the cement and also the concrete been moistened 
and allowed to set for a few hours before boing deposited. Had neat 
cement in bags been more freely used instead of concrete there would also 
probably huve been less leakage, but the supply of cement was almost 
at an end aud there was no means of petting more. 


No very great difficulty was expericneed in the construction of the 
lower wall where there was plenty of room to work, the cross dam being 
50 fect from the masonry, but in this wall also the foundations of the 
flanks had to be put in before the centre, and the leakage, though much 
lesa in quantity, had to be dealt with in the same manuer, since there 
were no pumps available for disposing of it outside. Consequently this 
wall also leaked at the base along the dcepest part when finished. 


_ © By the 18th Fobruary the masonry of the front wall hud been car. 
ried across the bed but not to the full thickness, On tho 24th February 
the rear wall was just completed and the front wall raised, though not to 
ita full thickness, to a height of about 7 above the datum, except for a 
length of 40 feet in the middle which was from 6 to 7 feet lower, On that 
day there was @ fresh, not very high but unusual at the time: it would 
probably havoé done little or no damago had not one of the Hne of piers 
given way, letting the water into the pool above the upper eross dam. The 
latter was of coursc topped and breached and the water passed over the 
masonry. In the upper wall thore was space enough for the water to flow 
over at a very moderato velocity and absolutely no damage was done ; in 
the lower wall the top part, which was quite fresh, was more or less injured, 
but the damage was on the whole vory much less than was expected. Tha 
lower cross dam was of course breached but not badly. The restoration of 
the earthen dams and pumping out the enclosure caused only three days’ 
delay, and work could have boon resumed on the 28th, but the weather 
was so bad and the river so high that little or nothing eould be dono till the 
5th March, after which there were no further interra ptions and work 
went on smoothly. A certain amount of troublo was experienced in extend- 
ing the front wall across the loft bank byewash owing to an unexpected 
dip in the rock which went down to—8, but this caused no serious 
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difficulty. A vent was left in this portion of the wall for the passage of water 
into the left byewasb, to be closed by a wooden shutter as soon as tho 
masonry was sufficiently advanced. 


‘Tt was determined to leave the work for the season with the top of 
the front wall at 20 above datum, with the exception of a length of 60 feet 
on the left flank which was to be left at + 16, and by the 15th April this had 
been done, except the vent itself and a short length on each side which was 
left to bond in with the masonry used in closing the vent. The shutter 
was then put down and the vent built up as quickly as possible. This 
operation was interrupted by a rather heavy flood on the 19th April, 
which passed over the lower portion of the wall and did some little damage 
to the newest part of the work; the interruption was particularly annoying 
at a time when fever was beginning to show itself and there was econsider- 
able difficulty in obtaining labour ; the work was however finally comploted 
hy the 26th April, So 

‘While the front and rear walls were in progress, piers with their 
crests at + 15 had been built between those of the coffer dam piers on the 
right bank which came between the two walls, so as to increase the carry- 
ing capacity of the main byewash from + 12 to-+- 15, The dam site is thus 
enclosed by a solid wall which will not be submerged except on compara- 
tively rare occasions, and the remainder of the foundations can be put in, 
under cover of this wall, without serious difficulty. There will be occasional 
interruptions, but they will be interruptions only, and will not involve 
the destruction of any work already done. When work is resumed next 
season the front wall will be raised to-+ 25 and tho entrance to the 
main byewash closed to a sufficient hoight to cause a sufficient portion of 
the river water to pass above the weir (which has boen completed) leading 
to the turbine for driving the machinery. The walls described above were 
not benched into the rock, as time was of the utmost importance; they were 
founded on the natural surface, which was carefully cleaned, with portland 
cement; this material was used for the lower 2 fect of the walls through- 
out their thickness, and for the front 2 feet throughout. their hoight; the 
remainder was built in ordjnary mortar; the lime is of admirable quality, 
moderately hydraulic, and has been exposed to very severe tests which it has 
stood satisfactorily. It was found by careful measurements that tho total 
loakage into the enclosure after the latter was pumped dry was about half 
a cubic foot per second, of which quite half and probably more was through 
and under the shutters of the right byewash. ‘The leakage between the 
front and rear walis and the rock is confined to a short length in each wall, 
aud no difficulty is anticipated in stopping it completely when the enclosure 
is again cleared out.” 
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The operations above described from the beginning of December to 
the middle of April were described by the Chicf Engineer, Colonel 
Pennycuick, in his report to Government, as the most anxious, diffi- 
cult and exhausting of any that had come within his experionec, and 
the staff received the thanks of Government for their services on thi 
occasion. 

Work was re-commenced at the end of June 1890, and as for somo 
years the principal difficulty encountered was the control of the river 
during construction, it is necessary before proceeding further to touch on 
this subject. The method adopted for disposing of the normal discharge 


was in principle britfly as follows. All the watcor was turned round the 
nght flank. Taking the foundation enclosure as a start the river was 
already raised aud diverted, runing through vents between piers built 
im the dry. Similar piers AA were built in the front line of the dam 
farther to the right leaving vents with floors at a higher level, and these 
plers were conuccted with the line of the rear face of the dam hy another 
line of piers BB with groves into which planks could be inserted. The 
height of these piers BB was so calculated that when the original bye- 
wash was closed and the river was turned through the vents AA the 
ordinary discharge of the river and small freshes should not top the piers 
BB. When. the foundation enclosure reached a love! equal to the piers 
BB the front wall of the dam was raiscd somewhat hither. The 
original hyowash was then closed, the watex rose and the river hegan to 
run to the right of the piers BB. The space between BB and the found- 
ation enclosure was then rapidly brought up to the level of the work 
already built and was then included and the whole went on tovother, 
New piers CC and DD were then built tit the dry, and as soon as the 
body of the dam reached a sufficient height the process was repeated, the 
river raised aud diverted, and a fresh portion included, Thy this manner 
the dam was built up to the level of -F G0. 

This method had disadvantages. If the discharere of the river 
execeded about 2,000 cubie feet a second the portion last included was at 
once floodect; and if the discharge execeded what could thus be earricd 
off (which it constantly did) the front wall of the dam was topped anid 
the whole work submerged till the fresh subsided. There was thus a 
danger of damage to new work, aud during the carl y days Gwhen the 
lake formed above the dam was small and of little absorbing capacity) a 
considerable sonrce-of delay. This was, however, only a comparative evil. 
An absolute and constant disadvantage was that it vauscd the dam to be 


72 HISIORY OF THE [ cHaP. 


built piecemeal, and resulted in a serics of vertical joints, A longitudinal 
section would show thus— 


+60. di 








Moro than this it necessitated a great portion of the work being built 
under a head of water behind a front wall which had to be kept 
considerably in advance of the rest of the work. 

‘here were bosides some constructive drawhacks. The piers in the 
front line of the dam were several times washed away. and had to be 
built very strong indecd, thus taking up a good deal of tho waterway, 
always amall on account of the steepness of the side of the hill. The 
transverse picrs were also constantly washed away and the difficulty 
of replacing them in swift running watcr was heyond description. A 
vontinuous wall could not be substituted, or there would have been no 
bond between the body of the work and the portions successively 
included; nor could these piers be made very large, or the bond would 
have been insufficient unless wide intervals were left, and this again was 
impracticable, because of the impossibility of handling large shutters 
under the conditions that prevailed. Moreover when the carth was 
cleared from the side of the hill the rock exposed was not on a uniform 
slope but lay mostly in alternate dips and scarps, so that the space 
available for each fresh diversion channel was very unequal, and to 
ensure a reasonable discharging capacity the piers hact sometimes to be 
brought very high. Finally, nearly all the materials, which were on the 
right bank, had to be carricd across the yiver to the work. The bridges 
had to be changed cach time the river was diverted and were constantly 
damaged by floods. 
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It will be of interest to notico briefly the other methods proposed for 
dealing with the water during construction. The question, generally 
important in all large dams, was here accentuated by the torrential 
nature of the river, the volume of water it carried during a great part of 
the year, and the frequency of strong freshes from local thunder storms 
even in the dry months. There waa no experience as a guide, since no 
dam has ever hitherto been built across a river so large as the Periyar and 
combining so many refractory characteristics. The south-west monsoon 
commencing here at the end of May continues with more or less force but 
without complete intermission till October, when it is replaced by the 
north-cast monsoon, and rain continues to fall till the latter half of 
November. There is sometimes a partial break in August, but the 
weather is then always uncertain and tho drainage from previous rain 
prevents the river from running low. From the rainfall register it may 
be seen that the number of rainless days between June Ist and November 
15th was on the average but 34 for the years 1888 to 1890 inclusive, 
During this period the discharge seldom fell below 1,000 eubic feet a 
second. From the middle of November till the middle of May the 
weather is usually fine and dry but in these hills thunder storms are of 
frequent occurrence and a month seldom goca by without one, resulting in 
a fresh of greater or lesa violence. Tho highest recorded fresh reached” 
the figure of no less than 120,000 cubic fect a second, while freshes of 
10,000 to 20,000 cubic feet a second are not infrequent; and the rocky 
bottom of the river, its stecp fall and confined bed causo great turbulence 
and a high velocity, a large flood running at the rate of 10 feet to 15 
feet a second and bringing down with it big trees as well as a great 
quantity of other floating and rolling débris, which was a constant 
danger and trouble. It was almost impossible, at any rate generally 
impracticable, to build piers in the course of the river strong enongh to 

permanently rosiat the impact of these floating battering-rams and nothing 
but a heavy continuous wall with a rock abutment successfully encountered 
them for any length of time, and then not without showing severe signs 
of the fray. 

In the proposals aubmitted by Colonel (then Major) Pennycuick it 
was intended te drive two tunnels at a low level through the flanks 
of the dam, as described in Chapter I. The then Inspector-General of 
Irrigation took great exception to this proposal, criticising if in a note 
of which the following is an excerpt :-— 

‘(When in Madras the proposed arrangements were oxplained to me, 


and I then stated that 1 would never agree to so dangerous an arrangement, 
| K 
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and suggested that if no other means could be contrived the water might be 
passed over the dam by means of large syphon tubes, Major Pennycuick 
stoutly maintains that his plan is the best of all possible alternatives, that 
no risk 1a ever to be apprehended from its adoption, and that it combines in 
the highest degree the elements of security, efficiency and economy. 
Having most carefully considered all Major Pennycuick’s proposals and 
arguments, my objections to the culverts remain absolutely insuperable, 
T cannot conceive how an Engineer of his intelligence could have brought 
himself to devise such a method of disposing of the escape water. A 
glance will show how soon floating brushwood and grass would clog and 
jam the self-acting sluice. The “draw” into the tunnel would of course 
be very great, and unloss the floods in the Periyar run quite cloan and free 
of floating rubbish I don’t believe the sluice would romain in working order 
one hour after a flood began to come down. Again, supposing it to 
remain in perfect order, itis quite plain that the powerful eddy generated 
by the cross currents at the entrance of the tunnel, would block the mouth 
so as to reduce the discharge immensely, This would necessitate a larger 
section against the adoption of which Major Pennycuick himself protests. 
But again, supposing the tunnels to have answered all expectations during 
construction, I cannot well imagine a more fatal source of danger to a 
lofty dam than two culverts passing underneath its flanks, closed by shutters 
exposed to the enormous pressure due to an average head of at least-135 
feet of water !!” : 

The Inspector-General then went on to state briefly his belief that 
the water could easily be passed by leaving 200 feet on either flank 
alternately 2 fect and 4 fcet below the reat of the work. 


The objections, it will be seen, were directed against the following 
points: (1) against the gear by which the sluices were to be actuated, (2) 
against the adoption of either a greater section or a greater velocity in 
the culverts, (3) against the exlstence of a culvert of any kind through 
the dam when completed. 

There can be no possible doubt that, speaking generally, in a case of 
this kind culverts are by far the best plan of disposing of the water 
from the point of view of convenience and construction. Nearly every 
Jargo dam is built so, unless there aro very special reasons favouring 
another method. It has the immense advantage of keeping the water 
low throughout the progress of the work, which is, therefore, built with- 
out joints and without a head of water outside it, and is allowed any 
time that may be wished to set before resisting horizontal pressure. 
Both syphons and flank depressions entail raising the water as the work 
advances and keeping the two at nearly the same level. The cohesive 
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material in the present caso being a good but not extraordinary and 
only moderately hydraulic lime, more objectionable 'conditions can 
hardly be imagined. Both these methods too bristled with constructive 
difficulties which, had tho Periydér been an insignificant stream, could 
have been surmounted, butin such a river were insuperable. When it 
came to the point the syphons were speedily dismissed as impracticable, 
and the water was actually passed not over but round the flanks in the 
manner proviously described, thus avoiding at any rate horizontal joints. 
But the cost, the damago, the innumerable inconveniences may be said to 
have delayed tho completion of the work a full year and added to the 
expense a sum variously cstimated at from 1 to 4 lakhs of rupees. 
The drawbacks were indeed so intolerable that when the dam reached 
the lovel of + 60 this method was finally abandoned and tho water 
was passed by a tunnel or culvert through the dam. It gave no 
trouble, it was casily controlled, and eventually closed and plugged 
without the slightest difficulty. 

The Inspector-General’s first objection was to the sluice arrange- 
ments, which could however have been designed differently. Most of 
the floating débris could have been arrested by a boom across the river, 
as was actually done at one stage of the work, and another type of 
sluice with suitable gratings need have cansed no anxicty.. The prin- 
ciple laid down was that 20 fect per second should be the limiting 
velocity through the culverts, and gearing could casily have been 
devised which would work satisfactorily under a head of 30 or 40 feet, 
that is to say until the dam reached a level of about 4+- 50. At thi 
level similar culverts might have been made and the original culverts 
closed. These could control the river until the dam roso to + 160, 
when the depression on the left flank was available as an escape. In 
several large dams culverts have heen Jeff which work easily under a 
head as great as this, and at Bhatgarh such culverts after being used 
to scour out silt are closed and remain closed under a much egrcater 
‘head. On the whole, therefore, it seems insufficient to have rejected for 
this reason what was obviously the best plan on other grounds. 

There is apparently a misunderstanding underlying the Inspector- 
General’a second objection, viz.: that the arca of the culverts must be 
increased in order to obtain the required discharge or clse a creater 
velocity must be expected. The approaches to the culverts as proposed, 
were to bo tunnelled out of the solid rock and in these the section 
might have been cnlarged or the velocity increased without serioug 
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objection. The covered cutting was quite straight and had a clear outfall, 
and the discharge and the velocity must have been very nearly aceord- 
‘ing to calculation. In any case the floor was purposely intended to bo 
benched out of the solid rock and a slightly inereased velocity was of 
slight importance. 


The third objection referred not so much to the culverta themselves 
during construction as after the completion of the dam. There was 
no crying necessity for the culverts to remain, sinco the Periydr is not a 
pilt-bearing river, and as the lake could not silt upin any measurable 
length of time no scour was needed. By choosing a favourable moment 
when the river was at its lowest there would have been no trouble in 
eventually plugging them, and very simple means would have suffiecd 
to make such plugging sound from a constructive standpoint, that 
is to make a good and firm junction, well bonded in and practicably 
free from leakage, ‘The culvert afterwards used at + 60 was plugged 
in such & manner as to be free from leakage and indistinguishable from 
the rest of the dam in appearance. Vhe culvert used during the 
construction of the Vyrnwy Dam was plugged with but 15 feet of brick- 
work and is perfectly tight, and the addition of an asphalte expansion 
joint removes the matter from the possibility of doubt. It may, on the 
whole, be laid down as an axiom that almost no obstacles should prevent 
the adoption of low level cscape culverts inalarge dam. Difficultics 
with the sluices or delay in the first installation will be many timos 
repaid in subsequent speed, cheapness, and convenience of construction, 
and in the quality of the work turned out. | 


The narrative may now bo resumed. On the recommencement of 
the work in June 1890 the foundation enclosure was pumped out and 
cleared of about 80,000 cubic fect of slash and decayed rock, and the 
solid rock laid bare. The surface was found to be exceedingly irregular 
and rough, and no benching was required, the more so as the bed sloped 
the reverso way to the fall of the river and sliding was impossible. The | 
leakage through the front and rear walls had then to be suppressed, for 
which purpose walls of rubble masonry were built 3 feet behind each 
and pulsometers placed between to keep down the watcr. As soon as 
these walls were completed tho water was allowed to rise and a 6-feot seal 
of cement conercte was formed either by depositing from skips or by 
forcing grout into broken stone previously laid. After the concrete 
was set the water was pumped out and the space was cntirely filled 
with conorete of surki mortar. This made the front and rear perfectly 
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watortight, and the only other leakage was through the shutters on the 
right, to stop which the spaces between the piers were closed with 
rubble masonry, thus forming an irregular continuous wall. The found- 
ations were thus perfectly enclosed and work inside could proceed uninter- 
ruptedly except when a flood in the river overflowed everything. 


The deep bed of the nver, though of undoubtedly solid rock, contained 
a number of amall springs, each of which was confined in a well of cut 
stone in cement 6 inches in diameter, which was brought up with the 
rest of the work. It was found that these springs ceased to riso aftor a 
depth of 6 or 8 feet had been reached, and they were then all sealed with 
cement grout. The river bed was meanwhile divided into partitions by 
2-feot walls of rubble masonry and the partitions were. filled with 
concrete. By the end of the season (April 1891) the concrete was raised 
to an average level of + 0, or a depth of 15 to 18 feot in the deopest 
place. 


On the right of the front wall and in a line with it four new piers 
were built leaving four vents with sill love! at + 10. The piers built the 
previous year in immediate extension of the front wall at the right, 
through which the river had hitherto becn running, were washed away, 
so the river was diverted by a bank of sand bags and a solid wall built in 
extension of the front wall Icft at -—- 16 to serve as a wetr. The normal 
discharge then flowed through tho vents at + 10. ‘The original front 
wall was then raised to + 30 and thickened, and the extension to + 20, 
and more piers were built in continuation on the right, leaving vents 
at + 17, + 20, and others higher. From the vent at + 17 piers 
running across the dam were built and continued to the workshed, and 
the river being then again diverted and raised to these vents the water 
was availablo for the tur)iue. 


A great doal of varth and boulders was also cxcavated from the 
sito of the dam on both flanks. ‘Tho trial pits dng for the purposes of 
the estimate were thought to disclose solid rock at trom 10 to 85 feet 
below the ground. In some instances rock had unmistakably been 
oxposed, in all the trial pit was always continued through several feet of 
water and the bottom carefully sounded with steel yampers before 1t was 
concluded that solid rock had been reached. ‘There were thus good 
grounds for the belief, but it did not hy any means prove always correct. 
The regular sequence was dark vegetable mould, red clay hard when 
dry but slushy when exposed to water, then small boulders, then larger 
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(sometimes enormous) boulders; and it was these that the trial pits had 
occasionally stopped on. In the excavation for the dam it was often 
00 or 60 feet from tho top before real rock was reached, and the surface 
needed a good deal of blasting and scaling with pick and chisel before 
being fit to build upon. The danger of a sloping bed, however, seldom 
occurred, since the lie of the rock was not uniform up the side of the 
valley but in alternate flats and scarps. No precautions were, therefore, 
taken against the sliding stress down hill. 


Theso operations closed the working season 1890-91. Tho total 
quantity put into the dam was not great, but cvery operation was one 
of difficulty, and the whole work was so near tho normal level of the 
river that it was constantly submerged and interrupted by floods. 


Work was recommenced at tho end of Juno 1891. From this point 
things became comparatively easier and moro regular, but interruption 
and damage by floods wore not infrequent. The south-west monsoon 
was fairly benevolent, but in October the work was entirely submerged 
on five separate occasions and 7,000 cubic fect of rubble masonry and 
20,000 enbic foet of concrete were washed out; and in November it was 
submerged four times. Theso floods, though they did not damage 
appreciably the main dam itself, often washed away piers or other 
isolated structures, which had to bo replaced with infinite trouble in tho 
full force of the stream. There were vory many such incidents of which 
no detailed record has becen kept. It was so impossible to procure 
articles specially fitted for the service under cver-varying conditions, that 
anything which happened to bo on the spot was impressed into use. 
For instance the current was stopped on one occasion by a large bamboo 
raft loaded with sand bags till it sank, on another by an abattis of trunks 
of trecs and thick stcel jumpers, in fact anything that would so far 
break the current as to allow a bank to be raised of sand bags or heavy 
stones. ‘The current was often so strong that stonos of 8 or 10 eunbic 
feet, 1 weight, perhaps, 2? of a ton, were rolled casily along the bod. 
This kind of work was interesting, but mado great calls upon the resource | 
and energy of the staff, and tho delays and interruptions were harassing 
in the extreme. Nevertheless the average monthly progress gradually 
increased as was to be oxpected with improved organization and ox- 
perience. By the end of March 1892 the front wall was raised to + 37 
and the cross wall bounding the diversion to + 38, the rear wall to 
+. 23, and the concrete in the enclosure to an average of + 13. Three 
new picrs making vents at + 30 were also built in continuation of the 
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front wall on the right.. The total quantity put into the dam during | 
this season (1891-92) was— | 


CUBIC FRET, 
Concrete 7 as tf Fr + $44,750 
Rubble masoury .. - t a ~e 274,008 


Total .. 818,753 


the highest combined outturn in any month being 148,097 cubio feet in 
February 1892. 


The work was submerged in April by a flood which rose 20 feet in 
twelve hours and carried away two piers of the turbine weir, and again 
in July when the rest of the weir was carried away and the bridge 
serosa it overturned. The weir was re-built solid instead of with piers, 
but meanwhile the turbine was idle and work greatly delayed and no 
real progress was made on the main dam till the mddle of August. 
From this time it was rapid and uniform, In January 1893 the dam 
had advanced so far that it became necessary to include the channel 
through which the river had been running for the last two seasons, and 
to make a new byewash on a higher level. Two of the vents were 
closed without difficulty, the third being postponed till March and neces- 
sitating alift of 20 fect to the river. ‘Chis, one of the many arduous 
incidents that were an every-day occurrence, is described in an extract 
from the Progress Report for March 1893. 


“On the Sth evening under a blue esky with light passing clouds and 
with a high barometer, the wrought-iron semi-cylindrical shutter was 
lifted by a gantry and moved laterally imto position in front of the vent 
to be closed. The sill level of the vent was +- 21, but in order to give access 
to a new sand bed 5 miles above the dam, plank shutters had been dropped 
into the vent in January up to a level of + 29, over which 2-20 feet of 
water was passing on the fifth. The river level was, therefore, + 31:20 at 
the time of shifting the W. I. shutter, and judging from the fact that at 
the closing of the adjoining vent the river had occupied nearly 134 days to 
rise from + 20°50 to + 31, it was to be inferred from the known contours 
and capacities of the lake at successive levels that it would occupy nearly 
five weeks in rising from + 31 to its new minimum levol of + 43, at which 
it would be passing through the new vents having their sills at 4 41. 
This would have given ample time to build up the vent behind the W.T. 
shutter and to build a coffer dam wall along the rear toe of the dam across 
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. the old turbine channel to prevent the water passing through the new vents 
(when it should reach them) from backing into the site of the dam 
immediately behind the W.I. ghutter. At 3-30 rw. on the Sth the 
shutter was in position fairly watertight, with a little caulking only to be 
done and with a pulsometer in position in the sump behind it to pump out 
any small unavoidable leakage. Heavy rain must, however, have fallen at 
the source of the river during the day and for many days following, for 
though the barometer and the aspects of the weather at Periydr continued 
very favourable, the river began to rise in the afternoon at a much greater 
pace than was anticipated and before the caulking could be finished or the 
masonry fairly begun it had reached the level of the new vents by midnight 
on the 6th. The shutter was artificially increased 4 feet by the addition of 
a plank ring, and the shutter itself radially strutted to resist the increased 
pressure.thereby engendered, but the river continued to rise notwithstanding 
that the weather..continued fine, and by the 9th evening the water was 
flush with the top of the plank ring. During the 9th night the river roso 
very quickly, reading 45:10 at 7 p.m., 49°50 at 3 aa. (10th March) and 
60-15 at 8am. It fell again to 47 bythe Lith morning, when it was found 
that the plank ring had gone, the iron shutter itself remaining uninjured. 
By the 13th morning it had fallen to 43, but during the flood ao large a 
quantity of débris had come down the river, passing under the boat house 
boom, and over the shutter, that the top ring was battered in, and losing in 
consequence its virtue as an arch was torn away from the second ring and 

«waa subsequently found in fragments below. The position of affairs at this 
point was, therefore, that about 6 feet of water was passing over the top of 
the iron shutter (now shortened by 4 feet by the loss of the top ring) and 
2 feet of water through the vents, and the problem of stopping the water 
passing over the iron shutter remained. The river fell slowly till it reached 
41°60 and remained stationary. A wooden barge was at 10 a.m. on the 
20th floated over the shutter and loaded with earth till it rested lightly on 
the second (now the top) ring, the top edge of which fortunately remained 
intact and perfectly horizontal, making a fairly good joint with the bottom 
of the boat. The middle of the boat being over the air space enolosed by 
the shutter and conseqnently unsupported except by the buoyancy of the 
remainder of the boat, care was taken to load only the floating portion of the 
boat, so as to strain it as little as possible, A number of gunny bags were 
next stitched end to end and twisted into a rope, which was lowered round the 
outer side of the boat and pulled tight along the joint between the shutter 
and the boat bottom. The boat being then slightly lightened til! the 
draught of water between the boat and shutter drew the rope well into the 
joint, the boat was again loaded and an almost perfectly tight joint achieved. 
A single pulsometer would, at this point, have been sufficient to deal with the 
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leakage, but misfortune was not to end here, and the next ovent was that a 
fragment, fortunately small, of the masonry ring on which the shutter rested 
blew in, admitting under the head of 20 feot a flow far beyond the capacity 
of the pulsometer. Sand bags were thrown in front of this new leak 
which reduced its discharge to about 2 cubic feet a second, and an 8-inch 
coutrifugal pump with the pulsometer would now havo sufficed to keep down 
all the leakage. But the difficulty of getting an ongine on to the front wall 
and.of fitting up a centrifugal pump would have been such that it was 
decided in preference to try syphons: 38-inch plank shutters were there- 
fore put in to a height of 12 feet across the face of the vent behind the iron 
shutter and carefully caulked, so that the water between thom and the iron 
shutter should form a tank 12 feet desp, and with the head thus obtained 
two syphons of 4-inch piping were found sufficient to dispose of all the 
loakage, except a vory trifling amount through the plank shuttors botween 
' which and the face line of the dam thero was just room to insert a 
pulsometer. Masonry in portland cement was begun on the 23rd afternoon 
and it was thought best to work only by day, as it has been repeatedly 
found that progress is incomparably better in quality and inappreciably 
slower with day work only. It was moreovor of the greatest importance 
that the masonry should be absolutely watertight, as it will, during part of 
next season, havea head of more than 20 feet against it with concrete in 
progress behind it. The time of filling in the vent was one of tho greatest 
anxiety, for though the normal discharge of the river in March should have 
been easily passed by the new vents without topping the boat as it rested - 
on the iron shutter, the river continued to rise steadily from the moment 
the boat got into position till a depth of 4} feet was running through the 
vents indicating a discharge of about 550 cubic feot a second, or abont seven 
times asigreat as tho discharge all through December, January and February. 
The boat during this period was kept from being topped by raising the 
three outer sides with planking, caulked and strutted, and as its buoyancy 
was thus greatly increased, causing it to lift off the shutter, the greatest 
care had to be exercised in loading it~—as the river reso—so aa to keep the 
joint tight, and in lightening it as the river fell to prevent all chance of 
the shutter buckling under its weight. Tho river did not rise beyond 45:50 
however and the masonry was completed without accident by 4th April. 
After keeping the syphons and pulsomoter at work for another week the 
water was allowed to rise against the new work and the sweating through 
it is all but impercoptible. The operation of closing this vent extending 
over 30 days was one of great labour and anxiety, and the whole avail- 
able staff of officers and upper subordinates were engaged in it by night or 
by day.” } : 


i 
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The condition of the dam in April 1893 was then as follows :— 

Phe front wall + 60 throughout except 152 feet at the left flank 
kept back at + 50 to scrve ag a weir. Tho conercte at an average level 
of +- 38, with the rear wall of such height above the concrete as to 
ensure a sufficient water-cushion in case of the front wall beme topped. 
The total quantities put 1 during the year wore— _ 

CUsdICc FEET, 
Concrete 4. os oe ae - ~. 432,622 
inbble masonry .. rs ve os ». 613,385 





Total ee «6946, 007 





the greatest aggregate in any one month being 158,935 eubie feet in 
December. 


His Execllency the Governor of Madras visited the works in October 
1802. 

During the next season (1898-94) the absorbing capacity of the lake 
grew so much that the work was never entirely submerged, though water 
sometimes passed over that portion on the left flank which had been left 
low aga weir. Even this short expericnec proved conclusively what the 
effect would have been had this method of disposing of the river been 
adopted en bloc. As soon as the brunt of the south-west monsoon was 
over, this low portion was brought up to the level of the rest and the river 
was then raised from vents at + 41 to venta at + 48, an operation which 
gave httle difficulty except that the vents to he closed were arched over 
and trouble was experienced in making a watertight joint with the 
crown of the arch. ‘This was done by leaviug a ring in the fillwg and 
in the soffit and grouting with cement under pressure. It was found 
that the conerete flooring extending over the whole width of the dam 
behind these vents and over which the discharge had been passing for nine 
months with a velocity of occasionally not less than 20 feet a second and 
seldom leas than 10 fect a sccond was almost absolutely uninjured. .This 
conerete had not even been plastered— a fact which speaks volumes for 
the quality of the mortar; bnt there had grown on the surface a thin 
slimo of a nature which was not investigated, but which seemed to afford 
a complete protection on a smooth surface. The method which had been 
found by constant trial and error to he the handiest for closing these 
vents and raising the river in short lifts was briefly as follows : — 
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In front of the upstream face was built a flooring of masonry to 
1 foot below the sill of the vent, and on this flooring two strong piers 
each with two grooves, a stout wooden beam being built into the piers 
rmmediately behind the second pair of grooves. Between the sill and the 
second groove a small sump was left. ‘The grooves were rendered smooth 
with cement, and also a leneth of the floor 1 foot wide in line with each 
pair of grooves. All this was done in the dry before tho vent was. 
brought into use, and the river was then tumed through the vent. Ag: 
soon agit became neccessary to close the vent and raisc the river to a 
higher level, an opportunity was sclected when the river was low and 
the stream in the vent not more than 4 or 5 feet deep if possible, the 
velocity being about 10 feet per second. ‘Three-inch planks a foot wide 
were then dropped into the front grooves and hammered down with 
heavy wooden rammers till they nearly reached the bottom. This broke 
tho force -of the stream, but no attempt was made to make these planks 
watertight. Similar planks were hammered down much more carefully 
in the second pair of grooves, and heavy vertical timbers resting against. 
the horizontal wooden beam were at the same time inserted in holes left 
in the floor, against which the planks were straightened by wedges. 
Otherwise they gave considerably. The planks wero then caulked. 
The lowering of the planks was cffeeted by ropes passing through holes 
in them, afterwards stopped with wooden taper plugs. This enabled 
most of the planks to be withdrawn and used again. The leakage 
through the second row of planks was gencraliy small cnough to be dis- 
posed of by a bucket or a small pulsometer, but in the rare cases when it 
was more the space hetween the two rows of planks was filled with sand 
bags and earth. This, however, entailed cxtra strutting. The arrange- 
ment always proved satisfactory, the only troublesome part being ham- 
mering down the bottom shutters. Behind the sercen thus formed the 
masons were able to build up the vent perfectly dry and the whole 
operation seldom excecded three or four days. 


The progress on the main dam was steady and uneventful, and by 
the ond of February the following total quantities had been put in:— 
CUBIC FERT. 
Concreto  ., a 7 os 7 ». €52,935 
Rubble masonry ., - - - ». 215,328 
Total ., 968,258 


. ery, 
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the greatest aggregate in any one month being 172,350 cubic feet in 
January 1894. The front wall was at -+ 80 and the concrete at + 68, 
a culvert with floor at + 60 having been begun. This was arched over 
during the recess. 


The works were closed for the scason carly in March on account of 
an epidemic of cholera which commenced in tho middlo of February and 
‘which no oxertions could arrest. The coolies speedily dispersed to their 
‘homes and by the first week in March had dwindled to a few hundreds, 
the camp was burnt, aud preparations made to transfer it to the other 
side of the river, 


The tunnel or culvert through the dam must be the cause of a 
slight deviation from the continuous narrative, sinco it is not only of 
profcssional interest but was the subject of somo correspondence, When 
the Government of India heard of ita constfuction a despatch was_ 
addressed to the Madras Government calling attention to the very strong 
objections to a tunnel raised hy the Inspector-General of Irrigation 
before the estimatcs were sanctioned, and inquiring why syphons, as 
then proposed, were not employed; and adding that thoy were unable, 
from the information received, to follow the proposals of the Madras 
Govermment or to comprehend how the lake was to be regulated and 
floods disposed of. In reply the Madras Government forwarded a copy 
of the specification and a note by Colonel Pennycuick, Chief Engineer, of 
which the following are extracts :— 


¥ 


“A tunnel to be leftin the bady of the main dam 10 feet wide by 8} 
feet high to springing of arch, which is to have a radius of 6} feet and riso 
of 24 feot. 


‘¢The centre of the tunnel to be where the level of the rock atthe front 
face is 60°00 above datum, and the heights to be measured at the centre. 
They will be a little moro or less at the sides according to the lateral slono 
of the rock. Ifthe rock falls from front to rear the crown of the tunnel to 
be kept level. If it rises the crown to be raised to correspond in steps of 
10 feet width with a minimum height of 11 feet between floor and crown, 
the rock always forming the floor. 

“The sides and soffit to be plastered with good surki mortar. 

‘In front a masonry chamber to be constructed 10 feet wide (in the 
direction of the longth of the dam) and 12} feet long, to be surrounded by a 
wall 10 feet thick on tHree sides, the fourth side being the dam itself, The 

wall to havo its crest at + 74:00, except for a space of 14% feet square, 
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as shown in the drawings, which is to be at + 73°50. This space to be 
surrounded on three sides by cutstone 2 feet wide and 1 foot deep set in 
portland ecment. 


“Pwo and a quarter feot in length of the chamber being the portion 
nearest the dam to be arched over with an arch similar to that of the tunnel. 
‘The remaindor of the chamber to be open at top. 


“Tn the lower side wall of the chamber, the side nearest the river bed, 
an arched vent to be left, 10 fect wide for the outer half of the wall and 9 
feet for the inner half with sill at + 60°00 gnd crown at + 67°00, the rise 
being 14 feet. : 

“Two lengths of 40 lb. rails to bo builtinto the masonry across each 
cornor of the chamber at top, one to rest at 24 feet from the corner, the 
other at 12 fect, the upper surface of rails to be at + 73°50. 

‘A seating for a semi-circular iron shutter to be built in front of tho 
vont inthe side wall up to + 60°00.” 

“Tho regulation of the discharge through the tunnel is effected as 
follows (see Plate X). 


“The top of the chamber at the mouth is closed by a plate of cast iron 
14 feet square with an opening 10 feet in diamoter. This plate fits into a 
recess in the top of the masonry 143 fect square, so as to leave a space of 
3 inches all round betwoon the side of the recess and tho sido flanges of the 
plate, to be packed in with neat cement. When the vent in the sido wall 
of the chamber 1s closed the only route by which tho water of the lake 
can find access to the tunnel will bo through the circular opening in the 
covering plate. 


‘Ata distance of 44 foot above the covering plato is fixed a horizontal 
circular plate. This plate whose outsido diameter is the same as that of 
the opening of the lower plate is supported by 24 uprights of 40 1b. rails 
imbedded in the floor of the chamber with sockets.at top and bottom, and 
bed plates under tho bottom sockets. - 


“The circumferential space between the top and bottom plates is closed 
by a W.T. cylinder of sufficient sizo to move easily over the outer flange 
of the top plate, to be lifted by a winch on a floating platform and kept in 
position horizontally by guides. 


. ‘(Tt is evident that as tho water has free access all round this eylinder it 

will be in complete oquilibrium and its own weight will be the only resist. 
ance to be overcome in lifting it. The admission of water to tho tunnel can 
thus be properly regulated. The discharge through the tunnel is to be 
limited to 12,000 cubic feet per second, and so long as the dischargo of the 
river does not exceed this amount the surface of the lake can be maintained 
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constantly at any lovel that may he desired. When this discharge is 
exceeded the water level must riso until it reaches the vents in the Left 
Bank Extension. 

“The vent in the loft face of the chamber wall is to sorve for tho passage 
of water while the lake is rising to the level at which it can discharge freely 
through the tunnol (about +- 77 or + 78); and at.the end of the season it 
will be permanently built up from behind an iron semi-circular shutter. 

“Until the dam is completed the water of the lake should not be allowed 
to rise above + 120, to which level it can oasily be kopt by the combined 
available methods of discharge. When the dam is completed the water 
will be run down to the sluice, which will be closed and caulked with lead.’ 


Then follow some directions as to closing the tunnel, which neod not 
be act down, as a different method (described ou page 87) was afterwards 
preferred. Colonel Pennyeuiek then continues :— 

“Thave kept silence for upwards of ten years un the subject of tho 
objections of the [nspector-General for Irrigation, and should prefer to keep 
silence for ten years longer. In the present connection it is sufficiont to say 
that the decision of the Government of India to prohibit a low level tunnel, 
unfortunate though I consider it, has been accepted and loyally adhored ta, 
but that I do not consider there is any avalugy between such a tunnol and 
the one now under consideration which is half way up the dam, which has 
never to be worked under a head of more than 46 feet, and which is’eon- 
trolled by apparatus entirely freo from the objections which night rightly 
or wrongly be urged against some of the details of the origmal designe, 

‘With regard to tho proposal for disposing of the water by syphons, it 
was sketched out ut a few minutes’ notice at the urgent request of Colonol 
Ilasted, who pressed me to design an alternative arraugemont which 
would meet the objections. I never had very much faith in the pian 
and it is somewhat remarkable that this hasty and ill-considered scheme, 
which when carefully oxanined bristled with defects, was accepted without 


ubjection, whilo the immeasurably superior plan first proposed was 
peremptorily vetoed.” 


The floor of the tunnel or culvert, it may be added, was not rock but 
on account of structural drawbacks was built up level with ordinary 
conerete, which was also tho material of the sides and arch. When the 
water was shut off, nota stone was displaced. To prevent shiding of . 
the plugging and to give a better outfall, the culvert was given a curve 
in plan, and key-ways were left in the side walls, closed temporarily 


with stone laid in perished lime, and plastered. Theso wero also 
undisturbed, 
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To roturn to the narrative, any doubts that existed as to the possible 
unpopularity of the works on account of the epidemic reterred to on page 
84 were at once set at rest during duly by the influx of a larger amount 
of labour than usual, and work at onee proceeded briskly. A new 
camp had already been built on the south side of tho river and a foot 
bridge was in course of construction. In August the river was raised 
from the vents at + 48 to + 54, and an unsuccesstul attempt made to 
raise it further to + 60, which waa however satisfactorily accomplished 
in September. The water was then allowed to flow through tho culvert 
just described and was controlled by the specially designed sluice of 
which a plan is given (sce X), bat the absorbing capacity of the lake 
had now become so large that there was seldom a formidable rise im 
the water level and the sluice was hardly required. The raising of the 
dam was continued over the eulvert and the conercte throughout the 
whole length maintained ata wiiform level theneeforward. With the 
employment of this culvert all anxictics on account of water ceased and 
the progress on the dam was rapid, uniform aud uneventful. During 
the season (1894-95) the folowing quautitics were put im :-— 

CiURIC PERT, 
Concrote a - ve ee 61,028,404 


Rubble masonry Vs ee te ve 21,252 


Total + I no2 


the highest aggregate in one month being 198,681 eubie fect in Nov- 
omber 1894, During the season the dam was raised 47 teet, viz., from 
+ G8to +115. The bed of the cutting leading to the watershed tunnel 
being at +--+ 115, and the front wall of the dam at + L118, if was now 
possible to turn water into the plains of Madura after closing the culvert 
at + 60 and allowing the lake to rise. At the end of March it therefore 
only remained to block the eulvert, which during this month was left 
completely open so asto run the lake as low as possible. On the 2ad 
April morning, the gauge reading 63, the W I. semi-cireular shutter of 
17 fect diameter, used on several similar ovensious, was lowered by 
shoar-logs on to a somi-cireular masonry seating previously prepared in 
front ofthe veut. A pulsoineter was then dropped into a sump in the 
masonry floor within tho shutter, and with the help of a little exulking 
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between the edges of the shutter and tho sides of the vont tho leakage 
was reduced in three hours to practically n7?. Tho shutter heing capablo 
of bemng bolted up to 20 feet height at an hour’s notice the culvert was 
now safe from inundation provided the pump did not break down or the 
lake rise more than 17 fect. As an additional precaution against those 
remote contingencies the vent wag closed behind the iron shutter by 
a-lnch planks carefully caulked. At 11 a.m. tlie masons were set to 
work to build up the culvert with rubble in mortar, working day and 
night by electric hght. In the following ten days the lake level had 
risen less than 1 foot; the blocking had boen completed to a thickness 
of 25 fect, aud though it was afterwards continued slowly the operation 
was to all intents and purposes complotc, and the copiug stone set to an 
unprecedently successful season’s work. A good deal of interest at the 
ond was lost owing to the abnormally small discharge of the river, due 
‘to the unexampled drought of the previous four months. 


By July 1896 the water in the lake rose to +110 and waa passed 
for the time being through vents previously built across the depression 
on tho left flank. During the remainder of the year tho dam progressed 
rapidly towards completion and in October the works were formally 
opened by His Excellency Lord Wenlock, ¢.¢.1.8,, G.c.s.1, who lard a 
stone on the top of the dam in the presence of a distinguished assemblage 
to commemorate the occasion, the levol being 129 feet higher than a 
similar stone laid by him at. his last visit exactly three years before. 
Little then remained to do but the parapet walls, which were finished in 
December. <A culvert had been left on the mght flank at + 112, which 
was closed without difficulty in the following month, and the finishing 
touch was put by a pedestal at the north end, on the topof which 
are stones recording the names of the officers and upper subordinates who 
took part in the work. This closes the account of the construction of the 
Periy4r Dam, a work unique in the history of engineering—built amidst 
unprecedented difficultica across a turbulent river, whose highest flood 
discharge exceeded that of the Thames at Windsor fifteen times and was 
equal to half the average flow of Niagara : impounding a lake covering 
more than 8,000 aercs and with a maximum possible depth of 176 fect. 

Large dams such as these are never, it may be said, free from leakage, 
and comparatively the Penyir Dam is remarkably watertight. A 
certain amount of sweating and a few actual leaks there are, but the exact 
amount of water that passes through them it has not yet been possible 
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' to determine. The excavation for the foundation on both flanks waa 
sometimes as much as 60 fect deep, and the sides have naturally in the 
course of time fallen in on the toe of thodam. The soil is never entirely 
froe from moisture and the subsoil drainage flows down the rear toe of 
the dam, particularly on the left flank, and mingles with the real leak- 
age. The total thus combined was in March 1896 gauged to be 0:18 
cubic feet per second with the water level + 116 inthe lake. In July 
of the same year with the water-level + 142 the measurement was 0°75 
cubic feet per second, and in September 0°49 cubic fect por second with 
the same water-level. It clearly cannot be the case that the actual leak- 
ago decreased from 0°75 to 049 oubic feet por second in two months and 
the only possible inference is that the difference was duc to tho decrease 
in rainfall, June and July being specially wet months. August and 
September, though drier, arc not free from rain, and a considerable 
quantity of water remains in the soil from previous rainfall, so that a 
further inference may be made that of the 0°49 cubic fect per second 
measured in Soptember a certain proportion is duc to subsoil drainage. 
-. March, on tho other hand, is a very dry month and succecds other dry 
months, so that the subsoil water is then very littlo ; but though the 
measurement in that month was but 0°18 cubie feet per scoond the lake 
level was then at its lowest and the leakago would doubtless incroaso 
somewhat with a greater depth of water. On the whole, thorefore, it ia 
probable that the actual leakage through the dam varies between one- | 
seventh and one-third of a cubic foot per second according to the level 
of the lake water, and a confirmation of this view is furnished by a sub- 
sequent measurement in February 1897, with W.L. + 1380, which gave 
0°26 cubic feet per second as the total leakage. 


This amount is, of course, quite insignificant over an arca of some 
72,000 square feet, and would be so were it considerably moro. The 
danger of such leakage is that it may carry out hme with it and gradu- 
ally create 8 hollow in the interior of theodam. Analyses of the leakage 
water, in the hope of gauging tho amount of lime init, aro from the 
circumstances very misleading, It is impossible to tell at what point 
of the front of the dam any particular leak begins and what course it 
follows. If it begins low down it probably carries in lime with it, since 
at the foot of the front of the dam there is a great accumulation of mortar 
fallen in the course of construction. Thé whole of the front and rear of 
the dam are also pointed and lime might easily be abstracted from the 

pointing. The course followed makes 9 large difference in determining 
_ u 
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the effect on the interior of the dam, since what would be a large 
amount abstracted in a short straight course becomes comparatively 
insignificant if the course Is circuitous and long. In the actual bottling 
of samples for analysis also many chances of error occur, which, though 
small in each sample, become large when the amount is multiplied by 
minutes, hours, days and years. Nothing but a very large number of 
samples taken daily for a long period from carefully isolated leaks by 
an educated and intelligent operator could convey even an approximation 
to the truth, and even so the lowest sample would be more likely to be 
correct than the average. <A truer and more satisfactory considcration 
is that all large dams leak, very nearly all leak more than the Periyar 
Dam, and no visible harm happens to them in consequence. 


Left Bank Extension. 


Jt will be seen from the cross section of the Periydr Valley that 
there existed on the left flank a depression, the lowest surface level of 
which was 116 feet above datum. This gap it was necessary to close, 
and on the supposition (supported by trial pits) that solid rock would 
be met throughout a little more than 20 fect below ground it was origin- 
ally intended to build a dam across it to a Jevel of + 144 ang to use it 
as an escape for surplus water, a smaller wall below providing a water- 
- cushion for the overflow. Compared with the main dam the total 
height (about 40 fect) was insignificant and it did not enter into the 
range of practical consideration, till the main dam should reach the 
level of + 100 or thereabouts. Shortly before this level was reached a 
beginning was made on the excavation for foundations in the depression, 
and the first results were very favourable, since on the right or northern 
flank and aeross the centre rock was exposed af a depth of from 12 to 20 
feet below the surface of the ground. On tho left or southern sido 
however the rock began to dip and the excavation was found to consist 
at 20 feet dopth of a slushy water-loggod blue clay, mixed with large 
and small boulders. The sides slipped constantly on exposure to the 
air during wet weather. It was hoped that a continuance of fine 
weather would effect an improvement, but the exposed surfaces dricd 
and cracked and fcll down in largo masses filling the bottom of the 
The sides of the excavation were thereupon stepped back to 14 to 1, 

necessitating a large oxtra quantity of earthwork ; but no doubt was 
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felt but that by perseverance rock would oventually be reached. The 
excavation proceeded slowly from January 1894 to September 1894, and 
in the latter month it was reported that it would in the ordinary course 
be completed about November, but could without difficulty be pushed to 
completion in a few weeks, should unexpectedly rapid progress on the 
main dam render this advisable. Rock had by this timo been found 
atthe bottom of the scarp or dip, and it was thought to be certain to 
_ slope upwards as it was followed in the southerly direction. In the next 
month October, it was reported that the lie of the bed rock was not so 
favourable as it promised to be, but there was no reason to apprehend 
any serious difficulty. Rock still trending downwards labour was 1n- | 
creased and concentrated on the left flank, until the maximum .depth 
of the excavation exceeded 50 foet, and the lie was admitted to be very 
_unpromising and considerable difficulty was apprehended in the last 
few fect. The section was so different from that which had been. 
exposed in every other case that it was regarded as a piece of noncon- 
formable stuff that must soon come to an end, the more so that there 
-was no definite evidence to denote a landslip, and the conformation of 
the immediately adjoining ridges made it appear most improbable that 
there could be much more downward trend. Work proceeded with 
groat trouble from slips till March 1895, when it became evident that 
rock would not at any rate be reached during that month. Tho main 
dam was now rapidly approaching the level of + 115, and it would bo — 
necessary in the next monsoon to expect the rise of the lake to a similar 
level. 1t was, therefore, decided to isolate the left flank by a protective 
- combination of masonry and earthwork, with vents to pass the water 
when the lake rose; but it was still hardly doubted that before July 
rock would be found and masonry built in. | 


In April 1895 the Chief Engineer visited the works and took a more 
unfavourable view as to the prospects of rock being reached within a 
reasonable time and reasonable expense. He, therefore, decided on a 
change in the plan of construction, which is detailed in the follow- 
ing note on the subject, which though it involves a small amount of 
repetition is here extracted in full, in order to give a clear account of* 
the situation :— ee 


“ On each bank of the river the main dam abuts upon a low hill, which 
on the side furthest from the river falls to a short saddle, from whence small 
tributary streams run in each direction joining the main river above and 
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below the dam ; and the ground then risos to a high rango of hills several 
hundreds of fost above tho river bed. Tho formation is frecisely the samo 
on both banks except that on tho right bank the small hill and the saddle 
betwoen it and the main rango are higher than on the left. It was intended 
to use both these saddles as oscape weirs, that on the right bank being cut 
down and that on the left built up to the required level. 

‘Qn both banks of the river and on the right bank saddle the anticipa- 
tions based on the original survoys were fairly well realised, rock being 
found at varying, but on the whole modorate depths below the surface soil, 
and there was every reason to believe, that similar conditions would obtain on 
the left bank saddle. This oxpectation was roalised at first, the excavations 
showing rock at about the depth expected all along the south slope of the 
hill on which the left flank of the dam rests down to the saddle itself on 
which rock was found for some distance at a level of 104 foot above datum, 
exactly the level shown in the sections attached to the original estimates. 
Here, howovor, the agreement between expectations and results ends; 
instead of rising towards the hill on the south the rock falls somewhat 
abruptly. 

‘The continuation of the oxeavation beyond this point has been a matter 
of some difficulty, as the hill above is so steop that tho carth 1s constantly 
slipping and we have had todo an amount of excavation out of all propeor- 
tion to the area of rock exposed. The latter has been followed down to a 
lovel of about -+ 95, and it is by no means certain that we have yet got to 
the bottom of the dip, while it is quite certain from the excavations that 
have been mado higher up the hill that a very hoavy amount of carthwork 
has yet to bo dono before there is the loast chanco of finding rock at the 
level required for a continuous masonry dam across tho valley. The 
accompanying plan and sections (Plate XI) show the featuros of the 
ground and the position of the rock as far as wo have yet discovered it; the 
latter is shown by the coloured portion on the section, while the fine dotted 
line shows the position in which it was expected to lie. 

‘‘Ttis by no means certain what is the causo of this peculiar formaticn ; } 
it may be dite simply to a fault in the rock, and this was the view to which 
I was for some time inclined. If this is so, the fault is a yery deep one, 
and we do not know that we have yet got to the bottom of it. I am how- 
ever now inclined to the belief that there is no fuult at oli, but that the 
line on which ~we have been excavating is not the true (or rather the 
original) dividing line between the tributary streams, the spur on which we 
have been working being caused by a landslip. A little to the west of this 
spur there isa second one which. is certainly due to this cause; further 
wost there is still a third spur along which (about on the line X¥ on the 
plan) an excavation has been made which discloses rock ata moderate 
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depth right across the bottom of the valley, its level at the lowest ‘point 
being about + 88; the rock has been followed on the southern side of the 
valloy up to about + 120, at which point there is a somewhat extensive 
fault, and it has not been considered advisable to follow the investigation 
further, as itis cloar that nothing would be gained by following this line. 
Tam inclined to think that the original dividing ridge between the two 
tributary streams was somewhere about this line, the contours running 
somewhat as shown by the tracing attached to the plan, and that the 
presont formation is duo to an extensive slip from the hill above which has 
blocked tho original oastern valley and diverted a portion of its wators to 
the west. This view is confirmed in some measure by the existence of a 
rather extensive swamp round the point Aon the plan. If this view is 
“ corroct, the rock on the line of the present main dam must*descend to some- 
where below + 80 and probably runs somewhat as shown by the thick dotted 
line on the section. In this casa the most favourable line for a dum to be 
founded on rock throughout would be about XY, but even if the fault 
previously mentioned is not an extensive one, tho cost of a dam entirely of 
masonry on this line would probably not be less than Ks, 2,50,000 and 
might be a good deal more, 

‘It is therefore proposed to take advantage of the favourable position of 
the rock on the northern portion of the original Hino to bnild on this as far 
as it eoes, and at the point where it begins to fall to construct a massive 
wing wall which will support an carthen hank connecting the Wuasuary 
dam with tho hill beyond. Tho front portion of the wing wall is now 
undor construction, and before the water risos sufficiently to pass over the 
saddle will be completed to a level of -+ 125, which is sufficient to prevent 
the flank being turned as long as the masonry portion of the dam remains 
at ita present level. Noxt season tho wing wall and the earthen bank 
behind it will be raised in due proportion with the remainder of the work, 
The masonry wall has been carried right across thg valley to a height of -1- 
116 (2 feet below the main dam) with threo vents 10 fect wide near the 
southern ond, their sulls beg at + 110; these will pass the ordinary 
discharge of the river leaving tne main wall for the passage of high floods; 
the work on the main dam will thus proceed without interruption, the left 
bank dam being raised from time to time as nay be desirable. It may be 
noted here that the front wing wall runs into natural pround at a level of 
-+ 135, sothat the embankment is only exposed to water above this level, 
and the maximum flood level being 4- 155 (or probably a couple of feet 
loss) the greatest depth of water against the bank is only 20 foet.* 











* Supposing that no water leaks through or round the end of the wing wallat a 
lower level, 
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‘¢ Asfar as I can judgo at present the arrangement contemplated will cost 
little if anything moro than the original proposals, while it is entircly free 
from any element of risk or of difficulty requiring more than ordinary 
precautions. It would have been slightly cheaper to have closed the valley 
throughout with an earthen bank, and had the position of the rock been 
_known sooner it might have been worth while to adopt this courso, but as 
matters aro now it will be a great convenicnce to usc this saddle aa a tem- 
porary escape during tlio first part of next season, anc 1t would not be worth 
while to give up this convenience except for a much greater saving than is 
likely to be effected. This plan would have had tho disadvantage of not 
permitting the saddle in question to be used as a pormanent supplemental 
escape; tho disadvantage is not a very serious une but has a certain 
amount of-weight.”’ ° 


Qin this plan the wings were at once begun and a commencement 
made in rofilling the excavation, Abnormally heavy [rain early in 
June flooded the foundation trench before it could be refilled with dry 
earth, a difficult process in any case on account of the leakago from the 
sides. Tho water was displaced by throwing in earth in tho deepest 
part up to its original ground level, which allowed the rain to run off, 
but there were still numerous springs from the water-logged clay which 
continued running even when covered with carth. Theso were, therefore, 
led into drains of haxd-packed stone and conducted through tho 
commencement of the rear wing wall into two 10-inch wrought-iron 
pipes. When the weather becamo drier the drains were covered 
with sacking and the earthwork proceeded in layers in the usual 
manner. 


The water in the lake rosc to tho level of tho vents at + 110 early 
in July and stopped work for the time being, but as soon as the force 
of tho monsoon dimimished towards the end of August tho vents wero 
closed without difficulty and work was resumed. An examination of 
the foundations of the rear wing then disclosed that the fault previously 
deseribed, which had put a stop to tle southerly oxtension of the 
masonry body wall of this dam, curved round in a north-westerly 
direction instead of running due west, and therefore intercepted tho 
line of the intended wing. This compolled the abandonment of the idea 
of using this portion of the work as a permanent cscape, for though the 
wall itsclf was on perfoctly sound rock the fault was so close to its foot 
that it was not safe to allow water to fall on it from a height of 40 feet 
or more. It became therefore unnecessary to build the rear wing wall 
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to the carthern bank at the south end aud the bank was allowed to 
assumo its natural slope in rear. In front, above the wing, the bank 
was heavily rovetted, and turfed in rear. The work was completed in 
February 1896, the earthern bank on the south being taken up to + 166 
with a top width of 12 feet. The masonry body wall was in section 
and structure similar to the main dam, but the top of the parapet was 
taken up to + 160. 


Right Bank Escape. 


In chapter I, reference is mado to the two permanent escapes 
which it was proposed to construct, both with a crest level of + 144, 
Tt has already been described how it became necessary to completely 
fill the saddle on the Icft flank and transform it into a dam, thus 
abandoning if as an escape. ‘Phe saddle on the right flank alone 
remained, which was cut down to the proposed level fora length of 
42) foet, thus diminishing the available length from 900 fect to 420 
feet. It was impracticable to materially extend this longth, sines on 
the south the rock dipped below the + 144 level, while on the north 
the ground rose rapidly-and necessitated an inordinato depth of cutting. 
Aa extension to the south would have involved massive and expensive 
wings and would moreover have tended to direct the surplus flow 
towards the rear tos of the main dam. A northorn extension might 
have served as a quarry, but the rock was very deeply overlaid with 
earth which would have cost large sums to remove, while there were 
many more favourablo situations for procuring stone. 


The length provided however (420 fect) is by calculation just 
sufficient to prevent the main dam parapets from ever being topped. 
During the construction of the works the highest flood gauged 30,000 
cubic feet per socond, and Table V gives the quantities observed 
during the investigation from 1869-1878 inclusive. It will be noticed 
that one of these floods very far transcended all the others and there is 
evidence that no flood approaching it in magnitude can have taken place 
for fifty years at least. This flood, amounting to 127,000 cubic fect a 
second at its maximum, has been taken as tho greatest for which it was 
necessary to provide. The duration and rise of this flood were observed 
when it occurred and are detailed in the table below, which shows the 
proportionate rise of the lake during its continuance :— 









































ine ee 


96 HISTORY OF THE [oHar. 
Dischurge from 4 . 
lake. om g aA bn a 
‘s "3 4 i: 2 
Level of lake 2 — 3S a F: 
surface. - . ie a b - = 
2 % s os % _ he 
¢|/38]/21 8 | &€ | gj] 8 g 
Blglé a é & € E 
Feet above Milliong of cubic feet par {| Millions of cuble 
datum, hour. fost. Hours, Hours. 
144-145. ] 6B | 8] BL 80; 92 | ago |e 
145-145 4.) 6/ 7) 18) iso} 117] 985] o44 
146-147 6 14 2 130 110 | 2&9 178 
6°50 
209 189 a ‘$8 
147-148 bes 6 22 28 - 181 294 ‘62 
| ——!| 100 
24d 215 j bas ‘99 
148-149 4... 6 32 38 uae 298 298 "O7 : 
a 1:00 
273 234, 1:00 " 
—. - 1:00 | 
294 £56 a ‘19 : 
149-150 6} 44/1 so! ,, (2441 ~~ 300 ‘81 
: ————| (sid OD 
297 241 _ “42 
1§0-151 6 56] 62 wee 229 806 "58 
* ee 1°00 
| 251 189)... 90 - 
161-152 6 70 76 . 173 #10 ‘10 
—— 1:00 
200 124 - 1:00 
i enn 1-00 
163 77 1 00 
— 1'00 
118 42 1:00 
a 1°00 
106 29 - 100 
—_ 1°00 
118 42 vas rd 
162-158 6 84 90 aes 28 315 ‘63 
— 100 
$16 225 lee 1'33 
169-164 6 100 106 ee 209 820 1°63 
154-165 6 116 122 wes 193 #25 ‘o4 
— &: 60 
631 409 wie "4.9 
158-156 § 132 138 - 398 336 “61 
— 1:00 
616 a78 -_ "o4 
166-157 6 150 156 ves 360 336 ‘66 
— 100 
457 401 vas "a2 
157-158 - G) 5] 175 oe 282 840 "68 | 
\ a 1:00 
309 lad vas 100 
| 166 ~25 | Falls. 





Photo -Biotk 








. 


Survey of India Offices, Calcutta, 1800. 


II. | PERIYAR PROJECT. 97 


Assuming the most unfavourable conditions, viz., that the maxifaum 
flood began when the lake was already full, it will be soen that the water 
-ecases to rise just before the levol of the top of the parapets of the main 
dam is reached, that is at a little below + 158; and oven if the flood 
attained 9,000 cubie fect a second more, an almost impossible apprehen- 
sion, the dam would still not be topped by more than a foot, which 
would be most unlikely to cause any appreciable damage, and certainly 
no dangey. 

The actual formation of the escape needs little description. <A gullet 
was first driven through it from east to west in order to allow a passage 
for a tramway and for the road from T’ékadi to the cooly-lines and 
bazaar, This gave six faces to work at, but as the stone was all required 
for the main dam and there was but little storage room progress was 
restrained to the requirements of the dam, ‘Tho rock turned out to be 
more than originally anticipated, as shown on the sections, Plate VII, 
but there were no hindrances except occasional slips on the north face 
where the scarp was very high. The work was finished by the end of 
1894, the total quantities removed being— | 


CUBIC FEET. 
Barthand soft rock ,, - 7 ». 9,795,630 
Rock roa a8 Le | | | “hk a6 2,215,508 


The principal explosive used was gelignite, and as it was found 
economical to blow the stone small enough to.be easily handled and to 
be fed into the stone-breakers, the average outturn was about 85 cubic 
feet per ib. of oxplosivo. 


Cutting and Tunnel through the Watershed. 


The passage through the watershed may be troated as including (1) 
an opon cutting or approach 5,342 feet long on tho south side, (2) a 
tunnel 5,704 feet long, and (3) an opon cutting or deboushure 400 feet 
long on the north side. Tho longitudinal section is given in Plate V. 

‘he entting on the south or Travancore side, which was known as 
the watershed cutting, consisted of 3,000 feet on the level, with bed at 
115 feet above datum, and 2,342 fcet with a fall of 1 in 820, the bottom 
width boing 21 feet throughout, the sides vertical in rock and with 
slopes of 1} toLin earth. It was a atraightforward if tedious piece 
of work, the principal trouble experienced being with the Mulya Panjan, 
whose course crossed the line at several points and had to be trained and 
diverted, but which occasionally broke in and doposited a good deal of 

N 
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gi’. As each section of the cutting was finished, working northwards, 
'” 1t was included in the canal, which thos eventually reached the tunnel 
entrance, which was also tho terminal of the over-head wire ropeway up 
the ghant. ho excavation consisted of earth and rock. The latter 
waa done throughout by hand, machine drills worked by manual labour 
having been tried at first without much SUCCESS, 


The total quantities of earth and rock removed werc— 


CUHIC FEET, 
Barth. we ee ot 80 
Rock, - i 3 ts ve 633,731 


It had been intended to load the stone, as it camo out, into boats 
and convey it direct to the main dam for uso in the masonry. This, 
however, presupposed an easy means of transport from the commencemcnt 
and as elsewhero related tho canal waa very far from fulfilling this 
condition; and the cost of transport was so great that evon with 
uninterrupted water-carriage to the dam——and much more when the 
canal did not go the whole distance and was also frequently out of 
order—it was found extravagant to attompt to utilise this stono. Ithad, 
therefore, to bo deposited on tho banks, and the lift and lead, want of 
space, and oxtra handling added materially to the estimated cost of the 
cutting, 

It will be seen from the longitudinal section that the depth of 
cutting, and espocially of rock, increasod northwards, but just before 
if mot the tunnel there was a,dip in the rock, while the ground level 
began to riso rapidly up tho hill. This dip caused some trouble, since 
the cutting was at that place nearly 50 fect deep and the sides of clay, 
which became slushy on exposure to water and slipped constantly, The 
sides were sloped to 1 to 1 but stil] refused to stand, so eventually a 
strong toe-wall was constructed. This also was thrust out and had to be 
replaced by one still more maasive. : 


The rates for excavation on this cutting are given in tho appendix, 

The other cutting, 500 feet in length, from 0 to 20 feet in depth, was 
the outlet to the tunnel on the Madura side, and was also 21 fect in 
width with a fall of 1 in 250. 14 ‘was comploted before the tunnel 
proper was commenced, and consisted almost entircly of rock, of which 
158,095 cubic feet were removed. It debhouched into the ravine or 
natural torrent bed by which the Periyér water now finds its way into 
the Vairavanér and thence into the Suruliyér and the Vaigai. 
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The tunnel proper has a section 12 fect wide by 74 fect high and a 
eradicut of lin 75. On account of the stcepness of the gradient 1t was 
at first decided to work only from the northern or Madura side, in 
order to avoid pumping, and a road about a mile in length was accord- 
ingly mado taking off from tho trunk rgad in the 46th milo from 
Periyakulam and leading to the lower end of the outfall cntting. Here 
the air compressors were installed and the turbine by which they were 
driven. A small reservoir had previously been made by blocking up a 
swamp which lay almost on the watcrshed linc and reecived a consider- 
able drainage during the rains. This reservoir was bounded on one side 
by hills and on the othar hy the trunk road which ran across the 
natural drainage line on swampy ground and served asa bank. Ata 
later poriod, when the water in the reservoir was found insufficient, tho 
road was raised, but the foundation was so bad as to occasion much care 
and troublo, causing breaches more than once during heavy rain and 
sometimes scrioug damage. It was impossible thorcfore evcr to store 
enough water in the reservoir, and as both the tunnel north end machi- 
nery and the wire-ropoway up the ghaut wore dependent on 1b, they were 
always obliged to stop in January at latest and sometimes carlicr, whilo 
no water could of course be spared to keep up the canal m the dry 
weather. 


From the reservoir a channel, nearly two miles long, was led to the 
turbine, partly In an existing channel, but mostly new, cither 1n open 
cutting along the sides of the hills, or (where the lic of the ground was 
very steep and across the numcrous small ravines) In a wooden flume 
supported on piles, This channel also gave considerable trouble. The 
flume was at first made much too slight, and on account of the paucity 
of labour and the steepness of tho hill sides, the cutting was not every- 
where taken deep enough into the hill. The bridges across the ravines 
were also insufficiently strong. It served however for the time being to 
take water to the turbine, and the machinery, in which several detects 
wero found, was tricd and adjusted, and some progress made with the 
trnnel while the defects in the channel were being remedied. The reser« 
voir and turbine channcl cost in all over Rs. 25,000, excluding ordinary 
maintenanee, 

The penstock and strainer were built immediately over the turbine, 
which reccived the watcr through 10-inch wrought iron lap-welded 
pipes, with flanged joints, bolted together with India-rubber washers, 
The total available fall was 157} feet. The turbine was of the horizontal 
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radial flow type, to develope according to specification 50 H.P., but 
owing to a mistaken system of lubrication and careloss setting of the 
guide blades and buckets the power was never obtained. The compressors 
consisted of two 16-inch double acting cylinders fitted with inlet and 
outlet valves at each end, with pistons of 24-inch stroke, driven off two 
cranks at an angle of 90° on the samo axle. Tho pulley was very large 
and heavy, to act asa fly-wheel, and was driven by spur-gearing by 
means of a counter-shaft, with a belt from the turbine shaft. The 
oylinders wore water-jacketed. The air was discharged into two receivers, 
the specified pressure being 45 lb., but it was never maintained con- 
tinuously at much more than 30 Ib. with all-the piston-duty, and if all 
the drills were working at the face ono set of valves was gencrally 
thrown out. 

The compressed air was Jed to the face in 4-inch wrought-iron 
flanged pipes, bolted together with India-rubber washers, and laid in the. 
side drain, in which a little water was always running. The result was 
a distinct drop in pressure at the face, but the atmosphero in the tunnel 
was kept cooler. Tho air was distributed to the drills by flexible pipes 
from the end of the common air pipe. Tho drilling machines were origi- 
nally mounted on wheeled carriages, but these wore quickly discarded, 
one trolly alone being kopt to run the machines in and out. During 
drillme the stretcher-bars wero wedged against the roof and the floor and 
did not need to be moved. The drill-pistons were, as usual, carried on 
cradles traversing on the stretcher-bars and the drills uscd were from 2} 
inchcs downwards, with taper attachment, and bits varying according 
to circumstances. The specification was that tho plant should be capable 
of drilling holes sufficiont to take out 7 fect length over the whole 
area of 12 feet by 7} fect in a 9-hours day, but owing to the insnflictoncy 
of the turbine this quantity was nover reached, a good. day averaging 4 
to 5 feet. . 

Che tunnel was throughout in granite, grey, blue or red, the latter 
being particularly tough to drill, while all were hard, but blew well. 
After due experiment the best explosive was found to be blasting gclatine 
and this alone was used. Hlectrical firing was at first tricd and gave good 
results, but was uncertain ; and in caso of a misfire the time lost in going 
over the connections upsct the whole arrangement of shifts. Accordingly 
Beckford’s instantancous fuse was thenceforward always employed. 

- All the holes were drilled in ono shift, about nine hours being required 
if the machinery was working smoothly. 
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Lhey were begun with the 2}-inch drill and finished generally with 
a 2-inch, and the machines were then run back about 1,000 feet. The 
holes marked 


* 





£ 
LEER RRL TIP I LEE 
1, 2, 3, 4, constituted the centre cut and were from 6 to 7 feet long, con 
verging towards the centro of the section. Five pounds of gelatine, 
rammed in with a wooden rammer, and well-tamped with dry clay, was 


the charge for cach of these holes and they were fired first and simul- 
tancously. Next the holes 5 to 25 in number, 
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latter averaging together about 20m number. The charge for each holo 
varied according to the character of the rock and the condition in which 
previous blasts had left the face, but gonerally from 40 to 50 Ib. of 
gelatine was uscd beside the centre cut. It was most essential that the 
blast should not be insufficicnt, since that entailed bringing in the drills 
again and upset the rotation of shifts. The side, top and bottom holes, 
were drilled diverging slightly outwards, so as to ensure their taking out 
the whole section, and the section as completed is actually about 6 inches 
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larger in each dimension than designed. The time taken in firing was 
goncrally about 3 hours, a certain amount of spoil having always to be 
cleared before the bottom holes could be fired. 

Removing tho spoil occupied about 12 hours, and as it was advan- 
tagcous to have day light at the tip, the drilling was always done at 
night. A single line of 24 feet gauge, with crossings and sidings, was 
laid as tho tunnel advanced, with iron sleepers on a bed of ballast. 
From 6 to 20 wagons of half a cubic yard capacity, and from 25 to 80 
men, were required according to the lead, the wagons running out by 
gravitation and being drawn up in trains of four by ponics. The stone 
had to be blown very small at the face, as the coolics were quite unequal 
to handling anything heavy. At the face two men were needed for each 
drill, and two blacksmiths and a fitter were kept constantly employed. 
For ali in the tunnel a shift was 8 hours and overtime was paid for at 
the daily rate. Outside the tunnel a shift was 9 hours. 

Ventilation was cffected by an exhaust fan with a capacity of 1,000 
cubic feet per minute situated close to the mouth of the tunnel and 
driven by a6 H.P. turbine on a fall of 120 fect of the same typo as 
tho compressor turbine. Tho fluc was made of 1-inch planking 3 feet 
square plastered with clay at the joints, over which battens were nailed. 
There was a delay of about 15 minutes after cach blast before the 
atmosphero became bearable. During drilling the exhaust from the 
 drili-cylinders kept the air at the face fairly pure and the fan was not 
alwaya required. | | 

The prehminary work, construction of road, reservoir, turbine channel, 
installation of machinery, occupied till October 1889, by which time the 
open cutting at the north cnd was finished and a few fect of the tunnel 
proper had been driven by hand. The alignment on the ground had also 
been completcd, first roughly by a chain and compass survey taken round 
by the road, then more accurately from repeated observations from marks 
on the ercsts of the ridges with an omnimeter. This cnabled a back 
sight of 120 fect in length to be obtained by fixing points over the 
tunnel cxit and in the outfall cutting, the crrér of which could not hd 
very large and was at any rate parallel to the truc line. Afterwards, 
when the linc from ridge to ridge had been cleared of jungle, it was 
accurately measured on the ground and checked, but the crror was infini- 
tesimal. The lining in the tunnel ifsclf was continued by boning rods 
hung from the roof and checked from time to time with lights and a theo- 
_dolite. To anticipate slightly, the deviation m the horizontal plane 
was on completion found to be less than 2 inches and in the vertical 
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plane nothing. The exact length was 5,704 feet. In November 1889 
drilling by machinery at the ‘north end was begun and a fairly steady 
progress of about 4 feet per working day maintained. This rate could 
not be increased and by April 1891 the total advance was only 1,008 feet 
and it had already been determined to employ other means to accelerate 
it. A shaft, known as No. II shaft, was therefore sunk on the line at 
4.1464 feet from the north end and 1,557} feet from the south ond. 
This shaft measured 14 fect by 7 fect, and was 109 fect deep. A second- 
hand steam plant was purchased and erected near the shaft consisting of 
3 Root’s boilers 15 H.P., with a horizontal cngimo and compressor, and & 
34-inch rock-boring machine. A winding-engino and pump for the 
boilera wore alao fitted up and theso had shortly to be supplemented by 
a pump in the shaft and a winch and cable for hauling loaded trucks on 
the upgrade. In order to take out the full section drills considerably 
laryor than the plant was designed for were used, and a large addition 
to the boiler-power was therefore required and was supplied by portable 
engines which were at hand on the works. Ventilation was offected by a 
diaphragm down the shaft connected at one end to a flue and at tho 
other to the fire-boxes of the boilers, and by running the compressors 
with the drills detached after blasting. This plant began working both 
southwards and northwards in alternate shifts, the number of men for 
removal of spoil being between 80 and 50; and this was continued till 
April 1893, when on account of the difficulty of pumping work on the 
north face was stopped. Up to this time the advance was about 2 feet 
a working day on each face from the shaft, and the total advance on all 
faces combined was 3,600 feet. From this time work at No. II shaft 
was confined to the south face until it was nearly through in November 
1893, when it was stopped and work on the north face resumed until 
February 1894, after which the work was completed from the north end 
alone. A partition was left at the south face on No. IT shaft until 
work northwards was stopped, in order to prevent an inflow from the 
Muliya Panj4n, and this was left until February 1894. The other two 
faces met accurately in October 1804. 


The rock was in places seamed with small fissures, which admitted a 
little water, but the quantity decreased always after running for a short 
time. The total quantity of water was never serious, and for a consider- 
able proportion of its length the tunnel was quite dry. 

The discharge of the tunnel is a difficult thing to calculate, since 
with the steep gradient and rough sides there must be a loss by eddies 
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and skin friction which can only be dimly pictured. When the head 
. at the entrance is great an additional effect of turbulence must be 
produced, It is probable that theo maximum discharge is obtained when 
the tunnel is not quite full, since there is then a surface fall independent 
of friction against the roof. The estimated discharge was 1,600 cubic 
fect a socond, but it appears that this.is somewhat over the mark. A 
meaguring weir, with a sluice in it, has been built across the open out- 


fall cutting, which has the result of submerging the mouth of the tunnel — 


and possibly compresses air inside. Many observations at the weir have 
been mado, but it is only a degree more capable of gauging than the 
tunnel itaclf by reason of its conduct being visible. ‘The approach to it 
not being straight the water is higher at one end than tho other, and it 
is ao near the tunnel mouth and the cutting is so narrow that the depth 
on the crest and the velocity of approach are almost impossible to deter- 
mine exactly. The following table has however been compiled according 


to the depth of water on the gange at the weir and it is at present 


accepted as the discharge from the lake :— 


[otap. 


Depth on weir. Discharge. Remarks. 
FEET, . ¢, FT. A SEC. 
0-00 0 ; 
0:25 26 | 
0°50 73 
0°75 133 . 
12s es To this must be added a quantity varying 
1°50 371 from 531 cubic feet a second to 0, according 
1°75 479 as the sluice in the weir is full open or 
2-00 576 | partly open or closed. 
9-95 683 With no water on crest and vent full open 
2-50 797 the discharge is 392 cubic foot a second. | 
9-75 915 If water is below crest of weir, the discharge 
3-00 1,041 varies between: (1) at 0:25 feet below 
3-95 1,167 crest 55 to 382 cubic feet a second, (2) 400 
3-50) 1,301 foet below crest 38 to 226 cubic feet a 
3:75 1,437 second, according as the sluice is full open 
4-00 1,576 or partly open or closed. 
4°25 1,720 
4°50 1,866 
4°75 2,015 
5°00. 2166 | 


= 














Fhoto-biock, Burvey of India Offices, Calcutta, 1590 


ENTRANCE TO TUNNEL, 


ir. | | a PERIYAR PROJECT. 105 


The sluico-gates at the-head of the tunnel, as originally designed, 
were to have been similar to those in the main dam escape culvert, 
described on page 24. The design was, howover, entirely altered and 
the gates as actually constructod were according to Plate VI. The 
tunnel atthe head, after a fow feet of straight, dividos jnto two semi- 
circular arms of 15 feet radius, meeting in a chamber from which the 
tunnel proper continues ina single straight linc. At the lower ends of 
each of the two arms are two vents, one above the other, The upper 
vents, 10 feot by 6 feet, are forthe normal discharge. The lower vents, 
1G feet by 4 feet, and arehed over, were designed to onsure a continuous 
discharge of 500 cubic feet a second, in view of the necessity of that 
amonnt being supplied permancntly for power purposes, and in case 
repairs or inspection of the gatos of the upper vents should be required. 
The upper or main shutters are connected and worked simultaneously 
by onc gearing. Each shutter is of j-inch plate, and the two shutters 
are tied together by 15 flanged W.I. 4-inch pipes of +3," metal, bolted 
through the shutter plate to bearing plates symmetrically placed. The 
shutters do not fit close to the vent, the intervening space being closed | 
by angle-irons on the shutters at top and bottom and flanged rails, sorv- 
ing as guides, fixed in concrete at the sides; and the rails are strutted 
apa.t by 4-inch pipes. Tach gato is suspended by a 1-inch wire rope 
from a pulley on a cross head in the sluice house. Tho cross-head is 
hung from the roof of the house and raised or lowered by tackle from 
two winches. Tho arrangement, it will be seen, gives great flexibility, 

The lower vents are controlled by shutters, cach worked by a screw 
of 2} inches diameter passing through a4-inch pipe passing down a 
shaft in the rock. They have no guides. | 

The above arrangoments wore so unsuccessful that it has not beon 
thought necessary to give further details of thom than tho accompany- 
ing sketch. 

It was foundin practice that the actual result of suspending the 
shutter by a rope over a loose pulley was that if one face ‘of the shutter 
met with an obstruction and stuck the shutter at once got askew and 
jammed. The violent surging of the water had a similar effect, either 
ond of the shutter swaying up and down alternately. To make the 
shutter work at all, it was found necessary to wedge the pulley and fix 
it, and it was difficult and awkward to work the two indopendent winches 
together. When the shutter was examined it was found that it had 
been considerably damaged by the vibration. - Sevoral of the lower 


0 
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struts were broken, and most of the others were loosened. The lower 


shutters were found to get bedded in the sand brought into the tunnel 
by the wator, so as to be almost immovable and the single screw shaft 
to each shutter was found to be insufficiont to prevent jamming. 


There was dlso at tho extrome inside end of tho tunnel, before tho 
commencement of the two semi-circular arms, an emorgoncy shutter con- 
taining within it small pivoted valves designed to pass 500 cubic feet a 
second when the shuttor was down and also to assist in raising and 
lowering it. This shutter was not however intended for ordinary uso. 


It was finally decided to abandon these shutters and to substitute 
for them a Stoney’s shutter in the placo of the emergency shutter. 
The design of the Stoney’s shutter is givon in Plate IX. This shut- 
ter has not yet boen erected, but the following ia an extract from tho 
instructions of the Chief Engincer for Irrigation, Mr. W. Hughes, in 
requesting a design from Messrs. Ransomes and Rapier :— 


‘‘The average section of the tunnel ie about 96 square feet and the 
velocity about 12 feet per second with an average depth in the reservoir 
and the shutter full open.. The present opening at the head of the 
tunnel was made of its present dimensions merely to afford room for a 
large sluice gate with valves, but with the arrangement now proposed 
there is no object in having the opening much larger than the tunnel, and it 
will therefore be reduced to 12 feet by 10} feet to soffit of arch), 


‘It would be inconvenient to have the supports of the counter- 
weights at any considerablo height above the platform. It is therefore — 
suggested that the counterweights should bo designed to work in a 
trough in the masonry. 


‘In a high flood there will probably be heavy rain also on the — 
Madura side of the hills and the tunnel will have to be fully closod, 
The maximum pressure on the sluice gate will, therefore, be that due to a 
head on sill of 155°00—106°50 or 48°50 feet. The maximum velocity through 
the sluice will occur when the lake i is high and it is desired to pass only a 
little water through the tunnel. In this cave there wiil be but slight pres- 
sure in rear of the gate and the maximum velocity may be taken ag 
that dus to a head of 45 feet. An iron sill will be necessary on this account 
aud to prevent leakage as far as possible. 


“A great part of the site of the lake was ocoupied by forest, and, as the 
trees and bamboos fall, a great quantity of drift of all kinds is constantly 
being carried towards the tunnel. A grating to prevent any of thia above 
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a certain size reaching the sluice is required and the grating and sluice pate 
must be designed together. The lift of the shutter will be 84 feet and the 
height of the grating at the tunnel end must bo at least 12 feet. From 
experience gained at the Bhétgarh dam it is found most undesirable to haye 
tho grating close to a sluice oponing. 

‘Tf has been found in some sluices that the submerged iron work pets 
pitted and tho friction consequently increased. For this reason it seems 
advisable that such portion of the submerged metal work as is liable to 
wear, such as the rollers and surfaces of tho roller-paths, should be of non- 
corrodible metal. 

‘With regard to the mechanism for actuating the shutter it may be 
stated that time is of practically no importance, and that it would be quite 
satisfactory if the mechanism is arranged so that the sluice can be raised or 
lowered an inch a minute by one man pulling about 20 lhs. to 30 lbs.” 


Mossrs. Ransomes and Rapicr submitted a design with the follow- 
ing description :— 

“Tho mechanism consists of the following parts :—Beginning on the 
up-stream side, there is built into a groove provided in the masonry, a cast- 
iron frame work or orifice, consisting of a sill girder, a lintel girder, and 
two jamb pieces. These castings are all bolted together at machined faces, 
so that frue and rigid work is secured; the inside edges are also planed, 
where the bottom and sides and top of tho gate come in contact with them, 
thus securing a close and satisfactory fit. 

‘* The side castings extend sideways into the wall and are securely built 
into place; to them are united by means of short lengths of steel joists, the 
roller path castings. The joists are 3 feet 8 inches long and placed about 
overy 2 fect, so that the whole forms one rigid structure. The roller path 
_ casting has a projecting edge or ridge down its whole length. On thia rests 
the actual rolor path. This is of cast iron, and truly machined on its face 
and also in the groove, which fits on the ridge. 

‘The width of the roller face is 14 inches, this being necessary, owing 
fo the groat pressure to w hich the sluice may be subjected. 

‘<The roller path is free to ‘rock’ slightly on the ridge, so as to ensure the 
pressure of the rollers coming equally on the whole width of the roller path. 

“The main roller path casting, which is built into the wall, carries a 
strong steel shield plate to protect the rollers and path against the rush of 
water when the gate is lifted. This shield plate is casily removable for 
purposes of inspection. 

“Tho gate is directly supported against the water pressure by 20 pairs 
of cast-iron rollers, The skin of the gate is of exceptional strength, being 
8.inch thick steel plate. 
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‘‘The clear opening of the gate is 12 feet 9 inches high by 9 feet 6 
inches wide, equal to 1182 square feet; against 96 square fect, the average 
sectional area of the tunnol. 

‘The form of the gate is narrower and higher than that of the tunnel, 
but this proportion of height to width is much more economical for heavy 
pressure sluises, as the greater height gives more length of roller path, and 
the width of the rollers, &c., can then be proportionately reduced. 

“The skin of the gate ig supported by 14 steel joists, 14 inches by 6 
inches, which transmit the load to end castings which rest on the rollers. 

“The gate is operated by a screw- lifting gear, and is also balanced to 
the gutont of $ ite total weight. ; | | 

“The balance weight consists of a steel tank filled with stone, and 


- carried by two steel wire ropes, with a factor of safety of 10. 


“ The lifting screw is of steel and 3} inches outside diameter, with a 
double thread, the wholo 14 feet being turned in one length. 

“On the head of the screw is. koyod a massive bevel: wheel Which is 
worked by the winch, the ratio of gearing being 27 turns of ‘the handle to — 
one turn of the screw. This will give great case of working aud security 
against possible break-down. 

“The serew is carried throughout in brass poarings ; and works ina 
brass nut of ample length and provided with an oil chamber. | 


“Tho nut is bolted to the head of the cast-iron ram, which tranamits the 
motion to the gate. The gearing is, therefore, eapable of either lifting or 
pushing. ; so - 

“The ram is tarned true and — passes through «a brass bearing at the - 
lower end of the shield tube, 80 that the screw is protected from weather 
and dust. , 

The sluice chamber is formed by. tho oxisting. masonry at the back, 
and on the other three sides by new masonry. “The internal dimensions of 
the chamber are 10 feot 6 inches deop by 15 feet 6 inches wide. On the 
up-stream side a groove is provided for a temporary door ; the sides of the | 
culvert converge at an angle of 1 in 4, so as to get the best efficiency from — 
n given side of sluice and to so direct the stream that it does not “strike the : 
rollers, &c., but first touches the shield plate. : 

“The thickness of the front wall is about the minimum, unloss it bo 
built-as a regular arch, to take horizontal pressure. The coping stones round 
the top of the sluice chamber will be rebated about 14 inches by } inch, EO 
as to form a landing for steel foot-plates. 

“The screen is formed of 14-inch diameter bars, rivetted into frames of 
convenient width for handling. These are carried on cross joists, set in 
recegges of the side masonry.” : 
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As regards the use of non-corrodible metal, Mesars. Ransomes and 
Rapicr were of opinion, from actual experience in bad water, that iron 
was quito safe and much cheaper, and that the introduction of brass set 
up a galvanic action which rapidly ate away tho iron frame work. Tho 
sluice was therefore designed by them in steel and iron alone. 


Cost of Head Works. 


At an early stage of the works it became evident that the estimate 
for the Head works would he considerably exceeded, on account of the 
difficultios of the initial operations; but it was hoped that, these once 
overcome and labour organised, an approximation to the original rates 


might ultimately be arrived at. As time wore on this hope disappeared, 


but it was not until 1892 that the obstacles, for which there was neither 
precedent nor possible forecast, were safcly passed, uniform progress 
attained, and an accurate measure of tho ultimate cost rendered possible. 
In 1893, revised estimates were submitted, of which the following is a 
summary of the principal itoms :— 


Original. Revised. 
BS. RB. 
Main dam and escape culvert with 

turbino supply culvert... §,59,000 24,60, 000 
Temporary dams vs 7 15,000 29,115 

| Right bank eseape we 1,55,000 2,70,000 
Left bank extension .. os 46,000 79,885. 
Water-shed cutting ae 1,37,000 2,47, 000 
Water-shed tunnel 7 295,000 4,94,000 
Buildings a - 7 1,57,000 3,50,000 
Maintenance ., - 50,000 97,000 

* Tools and plant aes 60,000 7,57, 000 
Unforeseen works 7 os 60,000 
Miscellaneous... os 56,000 1,80,000 


These excesses caused a corresponding increase in the item of estab» 
lishmont, calewlated at 23% per cent. upon the actual cost of works, 
though the real charge was very far below this figure. In tho carly 
stages of tho work thero was a painful doficiency of officcrs and subordi- 
nates, a mistake the avoidance of which would have saved enormous 
sums of money. 
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To escape recapitulation the subject of the cost of cach work 1s taken 
in one picee, since the same items appear in greater or less proportion 
in many of the heads of estimate. Thus the item of petty supervision 
was largely cxeceded throughout, owing to the protracted duration of 
the works, cight years instead of five, and there was also’ a large loss, 
distributed over all the works, upon rice imported by Government and 
sold below cost price when the price in the plains was high. ‘he fol- 
lowing extract from the Chief Engincer’s note in submitting the revised 
estimates treats, In sufficient detail, such other causcs as were common to: 
all the componcnt parts :— 

‘Among these causes, the principal is the insufficiency of tho rates 
allowed in the original estimates. 1t must be frankly admitted that these 
- yates were much too low; it was expected that the whole work would be 
done by daily labour with gangs of men carefully drilled and watched, and 
‘that machinery would be used to a much larger oxtent than has been 
found practicable. These expectations were not realised; it was found 
impossible with the staff available (and it is doubtful whether it would have 
been possible with any reasonable amount of establishment) to train and 
drill the labour ia the way proposed, and it became necessary to fall back 
upon the ordinary methods of ‘pieco-work.’ Time being all-important the 
piece-workers have been practically masters of the situation and we have 
had to pay rates enormously in excess of what would have been necessary, 
if the work could have been done in a more leisurely fashion and if the 
supply of Jabour had been unlimited. | 

“The rates actually paid appear, and are, high, but it must be borne in 
mind that only a very insignificant fraction of the labour camo from a dis- 
tance of less than 60 miles and most of it from distances greatly exceeding 
this amount, that each man worked on an average for certainly not more 
than cight mouths in the year, and that the enforced idleness caused by the 
stoppage of work during each hot weather and the loss of time involved 
in the journeys to and from the labourershomes had in some form or other 
to be paid for. | 

‘“ Another cause which has certainly tended towards a general increase 
of prices is the political condition under which the works have been carried 
out. This is a subject on which I wish to say as little as possible, because 
my views are not in accordance with those of the Governmont of Madras, 
but it is impossible to avoid all allusion to it. When the estimates were — 
prepared it was assumed, as a matter of course, that the site of the works 
and the ground in their ncighbourhood would be declared British Territory 
either permanently or for so long as the works were in course of construc- 
tion, This was not done, and without going into details of this portion of 


IL] PERIYAR PROJECT. “111 


the history of the works, it may be said in general terms that, for the first 
four years of their progress, there was absolutely no machinery for main- 
taining order or for the protection of life and property in the camps, except 
such irregular and extra-legal machinery as was created by the officers in 
charge; at a later period a limited criminal jurisdiction was ceded by the 
Government of Travancore, but the concession was so narrowed and limited 
that it was almost worthless, and even at the present time the conditions of 
life in the project camps are by no means such as should prevail among a 
community of some six thousand British subjects. What the financial effect 
of this state of things has been, it is of courso, impossible to say with any 
approach to accuracy; but it is cortain that any causo which renders a work 
attractive tends to reduce prices and any cause which renders it unattractive 
tends to increagd them. 


‘““A third somewhat important cause of excess has been the enormous 
cost of transport of materials, especially of lime, of which some 80,000 tons 
have been or will be required. This cause has affected all the works more 
or leas, though its principal effect has been on the main dam. The wire 
ropeway for conveying limestone from the foot of the ghaut to Tékadi camp 
has been most suczessful and economical when at work, but the difficultics 
in erection were very much greater than was expected ; it was not until 1891 
that it was got to work at all, and since then its working has been by no 
means uniform or constant, partly owing to the frequent repairs that have 
been found necessary and partly owing to the uncertainty of the water 
supply of the stream which provides the power for driving it. By the timo 
the work is completed it will probably be found that at least half of the 
total quantity of lime used has been brought up by ordinary carts at a cost 
of about ten times that of carriage by ropeway. 


“The cost of carriage from Tékadi to the site of the dam has also been 
greatly in excess of what was expected; I have never ceased to regret that 
I did not adhere to my first idea of a light railway, worked by locomotives, 
for this portion of the journey. It would have saved its cost over and over 
‘again and have been both cheaper and more trustworthy than the combined 
road and water carriage which has actually been adopted. 


“The deficiency of water power above alluded to had a special dele- 
terious effect on the tunnel, since the turbine and compressors at the north 
end, which were by far the cheapest mode of tunnelling, had to stop fur 
want of water for several months in each working season. Progress was 


_ consequently slow and a shaft-was sunk, a steam-plant purchased and 


tunnelling proceeded with at two more faces; which made a groat difference 


- In cost. 
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‘In tho original rates the price of machinery was included for each 
subhead, and a small sum of Rs. 60,000 only waa allowed for tools and 
plant; but in the course of execution it was found that the machinery was 
so inextricably applied toe several subheads of different works that if was 
impossible to debit it equitably to each. A separate subhead, tools and 
plant, was therefore opened to which the sum of Rs, 7,57,000 was debited.” 


It will readily bo socn that the incidence of the abovo causes of 
excess cannot be divided proportionately between the various component 
parts of the work, and it ‘s thorefore useless to enter into too minute a 
disquisition in comparison of the rates as estimated and as oxecuted, 
the more so as the modo of operation was in several cases altered im 
toto. The following table will howover give some idoa of tho ‘principal 
difforences, bearing in mind that the cost of machinery is excluded 
from the actual rates :— | , 


TABLE OF RaTES. 


Pertydr No. 1 Division. 
—_— Ratimate. Actual, 





enn ee 


Ra, A, Ra, A, RS, 4. RS, A, 
Maistry, per month .., vee a 50 0 | 25 Oto 100 0 
Stone-cutter, per day be re ree , 1 Oto 1 8 
Mason, perday oo. te seeees O012to 1 4 
Carpenter... ve we was rer 1 Oto 1 8 
Sawyer, perday wea vivaee 0 12 
Yitter W re wae vee seer 1 4teo 2 4 
Driver, por month ... cea er 80 Oto 175 O 
Smith, per day ae va rey. 1 4 | O12to 1 & 
Head coolie, per day vs we 0 10 0 Bio O12 
Coclie, man ” ves eee 0 8&8 " 0 Gto OO 8 
Do. “woman ;; ee _ 0 4 Oo 4 
Do. boy 3 ee tee 0 3 0 8 
Bullocks (pair) - vs sce : 1 8 


Rubble, querried and stacked, solid 
measurement, per 1,000 cubic feet. 75 Oto 80 O 45 Oto 121 0 
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thickness of earth and decayed rock, the removal of which would have 
added greatly to the cost of quarrying. | 

In the original rate of Rs. 15 per 100 cubic feet for concrete no 
account was taken of labour in mixing and ramming since it was 
intended that this should be done by machinery. These processes 
were abandoned as unsatisfactory in comparison with hand labour, and 
the actual cost of carriage from the tips, mixing, and ramming, was from 
Kis, G to Rs. 6$ per 100 eubie feet. There were also many minor 
charges, the exact incidence of cach of which cannot bo worked out, 
but it may be said generally that there was a considerable under-estima- 
tion of the difficulties in commencing operations, in guarding against 
floods, in procuring sand, in transporting limestone, pending the com- 
pletion of the wire ropeway and canal, in the amount of work that must 
bo done a second and a third timo, in the quantity of Portland Cement 
required, in timber and carpenters’ work for bridges, gangways, ladders, 
rammers, and shoes for workmen. Labour-saving machinery, in soveral 
cascs of a typo unusual in India, was largely employed and it is not to 
be wondered at that the amount and quality of the labour used in con- 
junction, the cost of crection and maintenance, the amount of outtumn 
and the life of the machines, wore largely under-estimated. Machinery 
was nevertheleas, on the whole, much cheaper than hand labour would 
have been, even had it becn possible to collect a sufficient force of the 
latter, which would in itself have boen a very difficult operation. 

The excesses in the other estimates are mostly due to tho genoral 
causes already touched on, or to unavoidable under-cstimation of quan- 
tities. ‘Thus the machinery at the north end of the tunnel took out 5 
running leet per day instead of 7, and stopped often for want of water, 
so that an auxiliary steam plant had to bo installed. The quantity of 
rock in the right bank escapo was greater than was expected. Jn the 
left bank extension special difficulties, described previously, accounted 
for a great part of the excess; and tho length of the time occupied 
accounts for a large share in the excess under the heads ‘ maintonance ’ 
and ‘misccllaneous’; while tho cost of buildings was enormously in- 
creased by the extra amount of hand labour found necessary, by the 
constant fires which often burnt whole lincs of huts in a few minutes, 
and by the necessity of destruction and rebuilding by reason of epi- 
domics. It 1s improbable that a similar work will ever be undertaken, 
but should it be so the following general criticisms may be worthy of 
attention, viz., that all the preliminary works should be in such a state 
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of forwardness that there shall be no doubt as to their capability, be- 
fore tho main works are begun ; and that machines should be purchased 
of double, or treble, or oven quadruple the makers’ estimate of capa- 
city. Itis, however, beyond human possibility that in so extraordinary 
an undertaking any ostimate should, except by chance, approximato to 
the actual results, 

General Remarks. 

Before finally quittmg the Head works somo allusion must be made 
to various matters which could not be previously treated without hinder- 
ing the progress of the narrativo, but which are yet of historical intercat 
and had a perceptible bearing on the construction of the works. Not 
the least of these is the subject of health and sanitation, a serious 
question in all large cnterpriscs, and one which has a considerable 
influence on the cconomy of engineering operations, since loss of health 
and unfavourable environment are drawbacks which can almost. be 
estimated in currency, and the difference between the rates of wages in 
Nos. J and ii divisions is a very fair measure of the disabilitics involved 
in the works which have been described. 

The Periydér, as has been generally stated elsewhere, is one of those 
beautiful spots so common in the tropics where fever lurks behind a 
amiling countenance. “The modorate height ahovo the sca, the vast 
tracts of virgin forest, the strong sun and heavy rainfall, all constitute 
favourable conditions for an active and stubborn malaria which was one 
of the greatest hindrances to the work. From July to February the 
climate, though never healthy, 1s much better than in the hot weather 
months, when fever was so virulent as to compel an annual stoppage of 
operations. As the water rose in the lake, circumstances were not, at 
any rate for the time being, improved, since the large arca of vegetation 
submerged and rotted added to the disease. The coolies, il-fed, il- 
clothed and reckless as all coolics are, wore rendered more Hable to sickness 
by a cold and dampness to which they were unaccustomed, and consti- 
tutions enfoebled by malaria offered little resistance to the assaults of 
rheumatism, dysentery and pulmonary complaints. From 1887 to 1891 
the hospitals wero less perfectly organised than alterwards, the changes 
in the medical staff wero frequent and the calibre unequal, and the 
labourers were slow to convince of the benefits of Western methods of 
treatment. The hospital returns for this period are, therefore, valueless 
as a preacntment of the health of the various camps. From 1891 
onwards they may be taken as more reliable and are given below :— 


Remarks. 
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But it must be borne in mind that the fatalism which characterises 
the lower classes in India and their reluctance to undergo treatment 
prevent even theso returns from being an accurate measure of the 


hygicuisc conditions. 


Ags an illustration, a return of the deaths in the 


Periyar camp for January 1896 is given below, taken at random but 
more nearly typical than might be believed ;— 





Date, 


1896. 
2nd January 
ord - 
Gth 4 
7th 9 

10th Y 
12th ” 
16th - 
18th - 
20th ~~ —s,, 


22nd - 
2Ota 4 


28th . 


; 
r 
i 


| Nutue, 


| 


Sodalimadi ... 
Muniappan ,,. 
Angammah .., 
Ramalingam, 


Malayandi ... 


Sobramaniam. 


Sodalimathu. 
Infant 
Do. 


Pattivan 
Muniyandi ... 


Siranandi 
Tava. 











Own or C f 
father’s | Age. Jontl ° Remarks, 
occupation, death, 
YRS, 
Cooly 40 | Fever ... 
eS Ms »»i | Not treated 
- 1 | Fever and in hospital. 
apne. 
Ms G | Anwmia. | Treated in 
hospital. 
- .| 40° | Fever Not treated in 
hospital. 
- v8 | Pnenmo- . 
nin. Treated in 
, ..{| 10. | Ansemia. hospital. 
Head cooly. 4 | Fever... 
Cooly ves 1 | General (wu treated 
demlity. in hospital. 
- baa ot | Agne | 
Mason... | 38 | Cirrhosia [| Treated in 
of liver. | hospital, 
Cooly .) 88 |Leprosy. | Not treated in 
| hospital, 





Of these poor creatures, twelve in number, whose names are here 
given such immortality as can be conferred by an official publication, no 
less than elght never attended the hospital. All deaths in the camp 
were ascertained and recorded, but many of the very sick were removed 
to the plains by their relations to die or recover, and never appear in the 
returns, and many were sick in their lines and recovered, and the medical 
officer knew nothing of it. Paying due regard to these facts, a glance 
at the monthly returns will give an idea of the extent to which disease, 
mostly fever or consequent complaints, played havoo with the labourers. 
The number actually treated per thousand per month was at Periyar 
nearly always more than 300 during the latter part of the work. It was 
often more than 400 per thousand, sometimes 500, 600 and 700, and 
during ono month (June 1895) was no less than 1,465 per thousand, 
At Tékadi the health was consistently worse than at Periyér, and it 
may be scen how at both places the returns of sick steadily increased 
year by year. ‘Though this increase was partly due to superior hospital 


Q 
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organisation and was a tribute to the merits of an exceptionally able 
Assistant Surgeon, yet a great part was undoubtedly the result of the 
environment, but whether the cause was the lake or the works, or was 
an index of unusual seasons throughout the neighbourhood, cannot be 
decided. ‘The officers and subordinates naturally suffered less than the 
work-people, being better clothed, housed and fed, but there was not 
one who did not suffer more or less from fever, and many had to be 
transferred at different times on that account. This was particularly 
the case with those who lived at T’ékadi and on the Multa Panjan. 
Fever is believed to arise largely from the quality of the drinking 
water used, and in this particular the Periyar was ill-situated and did 
not admit of measurable improvement. ‘The officers depended chiefly on 
a amall spring which usually ran dry in January, and after that on 
wells. The subordimates, clerks and maistries drew their water from 
wells, as also did the hospital. The ecoolies, hoth at Periyérand Tékadi, 
had wells, but mostly resorted to the Periyér or Mulia Panjdn for drink- 
ing water. From thia water fever could not be eliminated, but precau- 
tions were taken as far as possible to prevent them drinking such as 
had been used for washing clothes or persons, though their utter reck- 
lessness prevented these precautions from being more than partially 
successful. The water from various sources was analysed and the 
analysis is given below, but it, of course, conveys no idea of the fever- . 
bearing qualities which were of primary import :— 












fe 

— (fl, | 8) 3 

1 Aa ; iu a ahd 

ae |e) 4) £ | cE! ¢ 

me sa I pa ra OB 
Total solids, gorma per litre, 0080 0°'050 0°060 
Volatile solids, germs per; 0°040 | O030{ 0030 

litre, 

Chlorine, germs per litre .., O'007 | 0008 0-005 


Total hardness, Clark's soate.| 1°050| 0°700| 0°535 

Permanent hardness, Clari’s 1°030 O°S50 | 0°625 
scale. 

Free ammonia, migrms. per 0208 | O104! Trace. 
litre, 

Albuminoid ammonis, 0'$20 0-416 0'120 
migrme, per litre. 

Nitric acid, mlgrma. per litre. | 300) Trace. | Trace. 





Trace. | Trace. | Trace, 





| 





| Apparent quality inferred. 


Doubtfal 
Donbtfal. 
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No smell was observed by the analyst in the specimens submitted to 
him, though both the lake and the river generally smelt abominably, 
and tho analysis actually shows the lake and river watcr to be chemi- 
cally the best. In point of fact fever could not be materially reduced 
without a complete installation of distilled water, which the coolies 
would have refused to drink and which was otherwise financially 
imposaible. 

There were, however, possible palliatives In warmth and good food. 
The latter rested with the eoolies themselves and although thelr wages 
were unusually good, they lived as they always hve, most of their extra 
pay going in cheap jewellery, tinsel and Manchester goods, of which 
seonsiderable quantities were imported and quickly disposed of. They 
were enabled to obtain a little more meat than usual, and this was 
doubtless of value, but the total effect cannot have becn very significant. 
They were undoubtedly cager for meat and the death of an occasional 
bison or sambur fwmished them with an opportunity to fcstoon the 
camp with strings of flesh which were left to dry in the sun and were 
probably most unwholesome. Rice was bought by the Government and 
retailed at coat price or less, in order to bridle the exorbitance of local 
vendors, and beyond this nothing could be done. Warmth depended 
mostly on hutting and firewood. Firewood was casy of access and to 
be had for the picking, and im this particular the coolics were better off 
than on the plains in spite of the damper and coldcr climate. The hut- 
ting was throughout a vexed question, and it was only as a choice of 
evils that the camps were constructed almost entirely of thatch, which 
was plentiful and convenient. The lines constantly canght fire and 
probably no huts in the eamp had a life of more than three years, the 
expense of reconstruction therefore being a formidable item; and if 
mud lines had been built from the beginning the cost would hardly 
have been greater in the end, and the coolies would no doubt have been 
better housed. There wero however other considerations. A settlement 
of some 4,000 or 5,000 persons consistizig almost entirely of coolies, 
in a narrow spaco, connotes an amount of filth beyond the capacity of 
any reasonable sanitary staff to deal with. Sweepers were difficult to 
procure and demanded high wages, and a very great deal of money 
was expended on latrines and general cleanliness, nor were any paina 
spared to attain a decent hygienic standard. The following was found 
to be the least establishment capable of maintaining even a superficial 
pleanliness in a camp of from 3,000 to 4,500 souls :— 
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RS. 
A sub-overseer paid from establishment .. = ». 600 

A sanitary inspector on Ks. 300 .. = = .. 360 

A compounder ,, 30 4. - a .. 860 

A compounder 1, 25 os 7 7 ». 3800 

“ A midwite , 30 4. - ». ~=6- 860 
s d A surgery coolic 5 foe - a ., 108 
a A ward coolie en: rr - - .. 108 
| A cook 4, 10... Ls . .. (120 
Two sweepers 5, DO os 216 

LA Wwatarniail yy Dae 108 
Five lascars , BD ue oe 540 
Twenty-six sweepers 5 Fo oe »» 2,808 
Repairs, various... ve _ a ve .. 3850 
Sundries a a a - .. ws .. 290 


Total per annum = ., 6,628 


The sanitary supervision remained in the hauds of the Superinutend- 
ent of Works and was most closely conducted. Nevertheless the soil 
in and around the lines speedily became clogged and sodden with im- 
purities. Bad as the fever was there was a worse Cnemy, namely, 
cholera, of which there were many sporadic cases and two serious epl- 
demies, which not only killed a considerable number of people, but drove 
the coolies to their villages and caused a dislocation of the work and a 
strain of anxicty to the staff which it was impcrative should not be of 
frequent occurrence. The following extract from a letter from the 
Superintendent of Works to the Chict Engineer, dated 11th Maroh 
1894, conveys a commentary on one of these epidemics :— 


‘have the honour to report that labour has now fallen in consequence 


of the cholera to such a point that it is impossible to carry on work any 
longer. | 


‘< In an average population of 2,417(5,000 at the commencement and a few 
scores at the end) there occurred in 20 days 81 cases, of which 45 had 
ended fatally, not taking into account the deaths which have still to occur 
amongst the pationts still under treatment. Thus 1s equivalent to 787 cases 
and 437 deaths per day in Madras town, with a population of 450,000, 
Evon these figures are far from representing the real soverity of the out- 
break, for it is known that many of the coolies were attacked after leaving 
the camp. Five dead bodies haye beon reported to mo an being found on 
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the roads, one died at Kumili, and there must have been many more cases 
and probably several deaths. 

‘‘ Por the first nino days of the opidemic the infected houses were burnt 
down and their sites disinfected, every hut in the camp was fumigated, 
medicines wore distributed, orders were given to boil all drinking-water, 
drains and latrines were disinfected with quicklime and strenuous exer- 
tions were made by cleanliness and any other measures that suggested 
themselves to stamp out the diseaso. As these all proved ineffective, it 
was determined to transport the whole population into a temporary rest 
camp on the south bank ofthe river. This was done and immediately 
resulted in a short lull in the number of cases. The disease soon re- 
asserted itself however, and after a week it was decided to allow the coolies 
‘to return to their former camp which had meanwhile been thoroughly sprink- 
led with solution of corrosive sublimate and afterwards with quicklme. 
Another lull followed which again proved delusive. There remained 
nothing to be done except to patrol the lines, with a view to taking each 
case in good time, and to isolate and disinfect, by burning, in each case as 
it occurred. The population continued to dwindle and one line after 
another to disappear by firing, till there now remain about 200 coolies, the 
exodus not yet ended, andthe camp is merely a patch of blackened ground.” 


The Sanitary Commissioner added as a corollary to this report that 
the camp had been too long oceupicd, irrespective of cholera, and should 
be moved, on account of the general contamination of the soul with 
organic matter. 

The constant fires in the lines wore therefore not an unmixed catas- 
trophe, since thoy were more efficient purifiers than any number of 
sweepers. They would not have occurred, or not so thoroughly or so 
frequently, in mud lines, and such lines could not have been abandoned 
and rebuilt elsewhere and the sites broken up and left to purily, as was 
often done with the grass lines. After the cholera epidemic of February 
1894 the whole camp was bumt and transferred to the other bank of 
the river, with manifest benefit when cholera agai occurred in the 
ensuing season, and, failing to find a nidus or channels of transmission, 
was casily segregated and stamped out. 

A brief reference must be made to the subject of accidents, from 
which no great work can be altogether free. The majority were con- 
nected with nitro-glycerine or detonators and were nearly all due to the 
incredible carelessness of the labourers. A prolific cause of accident was 
misfires in the blasting. A misfire was always marked with a red flag 
and pointed out to the drillers, who, however, frequently romoved the 
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flag and used a jumper in the drill-hole, in order to give it the appear-| 
ance of a new hole and receive payment for it. The result was 
generally not long in doubt, but it was remarkable how often injury 
alone, and not death, occurred in consequence, and how many recovered 
from wounds seemingly fatal. One man, fishing with stolen dynamite, 
blew off both his arms and one eye, blew a hole from below his chin into 
his mouth, received severe flesh wounds on his chest and face, and lay 
bleeding for 6 or 7 hours; and yet made a good recovery. There were 
also naturally a certain number of accidents from machinery, but won- 
derfully few resulted in death. One such accident will however always 
retain a mournful prominence, an accident by which on 12th October 1891 
Mr. H. 8. Taylor, then Superintendent of Works, lost hia life in the 
prime of bis strength and in the midst of a career that promised preat 
distinction. Mr. Taylor waa in executive charge of the works from their 
commencement in 1887, and, in the words of His Excellency the 
Governor in Council in recording his sorrow at the event and his sense 
of the loss which the public service sustained thereby, “the success with 
which the difficulties attending this important undertaking have been 
grappled with is in no small degree due to his energy and professional 
skill.” 
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CHAPTER ITI. 


Amount of water available—Deacription of distribution works. 


In designing the distribution works tho first requisite was an estimate, 
aa reliable as was possible, of the quantity of water available for irri- 
gation. With this view rainfall observations were taken at a point 
not far from the subsequent site of the main dam during the years 
1869-18738, and the discharges of the river were gauged during the same 
years. The tables VI and VIl in the appendix give in tabular form the 
results then arrived at. Similar observations at two stations were after- 
wards made during the yeara 1889-96. ‘The average rainfall during 
these years, at the observing stations, was somewhat lesa than the 
average of table VI, while the average discharges were somewhat more. 
The river discharges according to depths on the gauge below the main 
dam were calculated from sections and from velocities partly observed 
and partly computed, and were as follows :— 






Depth 
on gauge. 


Depth 
on gauge, 





Discharge. Discharge. 







FEET. (0, FT. ASBC. | FEET. | Cc. FT, A SEO. 
i 0 13 17,075 
2 490 14 19,809 
3 636 15 22,733 
4 1,433 16 25,682 

5 9,180 17 29,003 
6 3,907 18 82,556 
7 5,575 19 35,688 
g 7,352 20 39,482 
9 8,796 21 42,873 

10 10,728 22 46,251 

11 12,755 23 50,509 

12 14,975 24 53,811 





The monthly average depths on the gauge from 1889 were as 


follows :— 





Remarks, 


November, 
December, 





February. 
: 
October, 








1889. va vas on er os Les 3°03 | 2°90 | 3°38 516 4°90 6°76 5-70 4°29 417 
| 

1890... 00. ee | BOL | 220] 234 2971 185; 258! sel] 390) 319} 447] 397] 3°39 

1891 a. _ _ ..| #05} 308 | $388 | 2:99 | 2°90 | 3°82 a O5 4-05 o 42 >'61 6°27 4-91 

i892 vas _ wei £06 1 3°53 | S1E[ 352 | 320 | 2°60 od0 il? 4°12 4°24 3°88 3°30 

1898 .. we .  ..| 853 | 354| 482 / 880) KX | X x 438| 417| 485! 510| 3458!X ganze 
washed 
AWE. 

1894 a. Les wes ..{ $386) B19 | F238 ), Sid | £18 | B47 $93 4°36 4°74 £32 a 20 157 

1895... tas vas ..) 866) B19; 3°40 - bes _ After March 
the river 

| was entirely 
| _ diverted. 

Average depth Le Ft.| $43 | 312! 328 {| 314) 281 | 323 487 : 4°40 4°86 478 3°99 

Average discharge C. ft.asec,; 980 | 700) 860) 750; 610! 846 2080! 1,780! 41,730 2,080 | 2,070 1,430 

Total average discharge _.., 41,942 millions of cubic feet per year. ; | 


Sol 


WHL dO AUOLSIA 


‘d¥HO] : 
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For reasons stated in describing the tunncl it is not casy to check 
the above figures by the actual discharge during the season 1896-97 (the 
only season for which there are records at present} but it can be roughly 
donc. Taking the full discharge of the tunnel at 1,100 cubie feet 
a sccond, the amount delivered during 1896-97 was about 24,000 
millions of enbie fect, and there was about 16,000 millions of ecubie fect 
of surplus discharged over the cseape. Adding 2,000 millions of cubie 
feet for evaporation on the Periydr lake and 1,000 millions for addition 
to the contents, the total amounts to 48,000 millions of culie fect, from 
which it would appear that the discharges in the above table agree 
fairly with the estimate. The season 1896-97 chanced to be one of 
rather heavy rainfall, but in any case in desiguing the distribution 
works the estimated delivery into the lake was taken at 32,900 millions 
of cubic fect, from which was dedneted 1,740 millions for evaporation 
on the lake, 990 milhons for evaporation in the Surulifr and the Vaigai, 
and 500 millions for preolimmary absorption in the beds of theso rivers, 
leaving 29,670 millions available for irrigation: and this quantity was 
considered to be easily capable of irrigating 90,000 acres of first crop 
and 60,000 acres of sccond crop. 


Tho Periyér water, alter leaving the tunnel, enters the bed of tho 
Vairavanar, and then the Suruliyar, the latter a tributary of the Vaigai, 
by which it flows to Peranal (an existing anicut on the Vaigai about 
~ 20 milea west of Madura), at which point the distributary channels take 
off. From the tunnel)to the junction of the Surullyér and the Vaigai is 
about 46 miles and from thence to Peranai about 40 miles. 


There are two anicuts on the Vairavandr and thirteen on the Saru- 
liy4r, from which 12,000 acres have hitherto been irrigated, the supply 
being ample, except in very dry scasons, for the requirements of these 
crops; and the eonformation of the country precludes the idea of any 
important extension of irrigation in this quarter. It is probable that 
about 80 cubic fect a second of Periyar water is the utmost that can be 
abstracted for any possible increase. It was at first proposed to pass the 
Periydr water round the flanks of these anieuts in such a manner that it 
could be shut off from the channels taking off from them, so that if 
demands were made for more water, the amount could be measured and 
the usual charge made. The insignificance of the quantity that could 
*. possibly be required rendered the expense of such works disproportionate 
to the profit, and it was eventually decided mercly to repair the anicuts 

BR 
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and to provide head sluices to the existing channels. This has accord. 
ingly been done, 1 cubic foot a second being allowed for 30 acres direct 
irrigation and 8 acres tank irrigation, and the ryots are to he allowed to 
take what water thoy wish for the existing wet cultivation, but no 
extension of tho latter is to be permitted. This arrangement will have 
an almost inappreciable effect upon tho Poriydr supply, and as the latter 
will be almost perennial storage in tanks will be vnnecessary and tho 
expensc of maintaining the existing tanks will be saved and should be 
credited to the Pertydér project. 


Lhe waterway of the Vairavandr and Suruliy4r from the foot of 
the ghaut to the sccond anicut is too smali to carry the whole of the 
Periy4r water and will have to be onlarged and traincd. his has not 
yet been done, nor was it included in the estimates. Below the second 
anicut the section and bedfall are sufficient. If the Surulidr is dry the 
Periyér water passes over the anicuts with a depth of from 10 inches 
to 14 feet, but when the river itsclf is in flood the extra depth duo 
to the Periyar wator will not amount to more than a few inches. One 
masonry bridge has been built across the Vairavandér and two across 
the Suruliydr, and two more will have to be constructed, but although 
the Periyar water has emphasised the nocessity of these bridges they 
were previously a crying want and the cost of their construction has 
not been debited to the project. Their absence was a ercat source of 
expense and delay to the head works. The lowest contract rate for 
earriage from tho railway to T'ékadi, a distance of 76 miles, was ono 
rupee a hundredweight for small articles, but in the ease of large pack- 
ages special arrangements had to be made for trollies, elephants, lifting 
and breakdown tackle, and large gangs of coolics, and instances occurred 
in which machincry was as long as six months on tho road, and one 
expensive coil of steel wire rope was quite spoilt by long immersion. in 
the bed of a river. 


The distribution works, as originally proposed and as revised, are 
best given in tabular form :— 


Originals, Revised. 


Ra, ita, 


Main Canals. 
Preliminary expenses - - 18,000 24,708 
Land compensation ., a »»  1,14,535 74,184 
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L.— Reach. 
Repairs to Peranai anicut .. or 
Head sluice .. ve - + 


Regulators... ue as ve 
Scouring sluice - ve - 
Tlead sluice to Vadagarui channel ., 
Fall aud bridge 

2 bridges... a ee ve 
4 bridges ve we ve os 
5 cross drainage culverts .. 

2 aquoducts 

Surplus sluice to Ramarajapuram .. 


Do. to Nachikulam os 
Iron trough .. es > o 
? irrigation sluices .. ee ve 
Farthwork .. ve ve - 

qi —Reach. 

Regulator... = - = 
3 inlets and outlels .. e oa 
2aqueducts .. Le 7 
Culvert a os - ve 
Cross drainages oe ee 
Trink road diversion a ve 
Bridge 
Sluice os 7 oe 
Earthwork  ., ee ve 


TIT — Reach. 


* inlets and outlets .. o. a 


6 suporpasgages oa ts es 
Laqueduct .. teas 7 
Culvert - - oe 
Drop 7” ve rs 7 
$ bridges as we vs - 
3 s.niees vs 7 te as 
4 sluiees - 7 ro 
Earthwork  .. os a - 
LV’ — Reach, 
Tulet and outlet oy) ee os 


Culvert os ‘7 $6 ae 


Originals, 
RS, 


5,000 
71,700 
20,800 


6,200 
15,700 


32,500 

7,800 
34,000 
16,100 


1,40,655 


34,790 
6. 500 
6620 
5,700 

34,680 


97,780 


10,800 
5,310 


a4 


71,665 


12,380 


Revised, 


27,453 
16,108 
5,284 
6,625 
26,138 
28200 
10,299 
34,5413 
1,000 
3,936 
1,50,758 


11,000 


37,359 
9,070 
3,440 


5,903 
1,194 
53,541 


85,660 
24 852 
922 
2,075 
10,632 


13] 


2 Welrs - 
Sluice 

2 iron troughs 
Bridge 7 
Earthwork .. 


3 aqueducts .. 
~ superpassages 
2 culverts ve 
2 iron trouglis 
2 bridges 
Karthwork ., 


2 inverted syphons 
1 inlet and 2 outlets 


1 weir os 


2 syphon culverts 


I superpassage 
1 culvert . 
2 tron troughs 
1 bridge 

3 bridges 
Karthwork ., 


3 inlets and outlets 


3 culverts 

1 superpassage 
1 bridge Os 
2 bridges ve 


Diversion of road 


Earthwork  ,, 


Inlet and outlet 
° outlet weirs 
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LV .—-Reach-—~cont. 


| 48 4 


Pi— Peach. 


+ 8 +t 

*.) + 
: 
a I] oe 
ra 

a4 ie | 


+ F Le ast 


* F ' é * 


PITT, — Reach, 


Yiversion of nullah ,, a ee 


Bridge - 


Bridge and regulator 7 e 


Earthwork ,,. 


78 '# ’ fF 


PLL — Keach, 


Originals, 


iS, 


7,650 
29,035 
12,300 


20,660 


1,040 
1,100 
22,405 


12,380 


“[enar. 


Revised, 
RS, 


750 
1,388 
1,983 
3,100 

94,992 


43,626 
9,837 
1,710 
7,361 

30,300 


3.929 
0965 
8,890 
2,889 
1,793 


809-4 
44,300 


4 oF. 


10,540 
10,192 


6,994 
22,405 
2440 
1,000 


af 


8,150 
14,500 


6 
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2 inlets and outlets 
2 culverts +e - 
sluice .. - 
HKarthwork ,, 


2 inlets and outlets 


2 culverts 
Sluice os a 
Bridge a 7 


Earthwork ., oe 


5 drops . 
1 drop “ ve 
4 inlets and 9 cutlets 
5 outlet weirs as 
4 culverts we 

2 superpassages 
Sluice .. _ a 
3 iron trougis 

Bridge 


5 bridges 7 e 
HKarthwork .. ee 


2 inlets and outlets , 
1 outlet weir .. 


1 drop -_ 1s 
Bridge . 
Karthwork ., +e 


Buildings .. 


Maintenance during construction .. 


Preliminary expenses 
Land compensation .. 


Originals, 


RA, 
LX. Reach. 

tens 24,760 

os a 1,770 

ae 5,660 
A. —— Reach, 

- 24,760 

* 4 1,770 

reo 3,660 
Ad — Reach, 

- . 15,990 


tes 91,320 


teas 1,770 

- 1»  * 2,380 

, - 30,650 
Add, — Asach, 

: ‘ 94,760 

- - 2,380 

. - 4,260 


- 7 10,000 


53,000 
Distrrbutaries. 
ee 10,000. 
te ee 69,285 


Reviaed, 


Ra, 


12,639 
650 
10,699 


9,176 

650 
2,000 
4,200 


1,150 
6,310 
11,090 
7,850 
650 
3,000 


11,060 


39,512 


1,000 
1,000 


6,000 
27,352 


38,034 


9,496 
69,285 
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f,— Branch. 
2 head sluices - an - 
8 drops ae ve : 
7 drops and sluices combined ve 
2 culverts - a ve ve 
Superpassage ve 7 vs 
Culvert ve + 


Aqueduct 7 os vs 
Road tunnol 

11 sluices ms es 
Earthwork  .. - 


if,—Braneh. 


Ilead sluice ., ve - ; 
3 drops oe vs Le 
2 drops and sluices combined 
l drop re 
Culvert ' ae 
3 culverts va - o 
Road tunnel .., - we 
2 road tunnels 
+ sluiees te re ~~ 
Earthwork  .., ve a 
Ill —Branch. 
2 head sluices re a - 
1 head sluice 
12 drops = we 
7 drops - - ve 
4 drops and sluices combined _ 
Cul vert ve Le oe ve 
Suporpassa ge a = = 
Road tunnel .. a on a 
14 sluices os os vt ve 
12 sluicer 1 
Harthwork  ., a ee 
IF.—Branel. 
2 head sluices tee - 
5 repulators .. tes 
2 regulators .. ws - 


21 drops - vs Ws 7 
1t drops - ms e vs 


Originals, 


Rs. 


3,540 
5,820 


5,480 


3,15) 


13,530 


1,770 
1,950 


(aw 


Ravised, 


Ka, 


2,050 
6,166 
1,220 
1,000 
1,400 

400 


6,038 


2,260 
2,005 
640 


fF 


952 
645 


4,485 


1,624 


5,910 
3,899 
1,003 

615 
3,490 
8,335 


3,995 
691 


++ 


8,432 
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Originals, 
RA, 
LV. —Braneh-—cont. 
11 drops and sluices‘combined 
2 drops and road tunnels combined... i 
2 drops and weirs combined 7 
8 road tunnels 1s we > 2,37 
4 road tunnels ae 7 
1 slab drain ., oe 7 - - 
26 sluices - 7 ws ws 8,380 
36 sluices ne - os - a 


Earthwork  .,. we we +. 37,750 


Head sluice .. e te 1,770 
Regulator  ., a ts - 480 
iG drops - ne - 7 10,470 
l4droeps _, es - - oe 
2 drops and sluices cornbined - 
2 iron aqnueducts - ws .e ~~ E600 
8 sluices ve _ 7 _ 2,596 
10 sluiees +e a oe 7 ee 
Bridge - os a 790 
Karthwork ,, - 7 7 10,065 
PI.—Braneh. 
Head sluice ,, + a 1,770 
9 drops o - os ve 5,740 
8 drops - vs ‘ ve 7 
Drop and sluice combined ., = 
Slab drain ., a ve oe a 
6 sluices tee ae 1,980 
Karthwork  ,. - - «. 6,745 
PIL—Branch, 
Head sluice .. a 7 Le 1,770 
8 drops vs - re _ 4,590 
4 sluices - - we os 1,280 


Earthwork  ,, - a 7 1,460 


VITl,— Branch, 
Head sluice .. a - - 1,770 
2 regulators ., 7 oe = 960 


Revised, 
RS, 


8,509 
3,875 
2,026 


1,635 

281 
11,050 
37,750 


1,071 
480) 


8,292 


tity 


3,250 
330 
10,964 


1,100 


4.070 
580) 
280 

1,930 

6,745 


1,100 
4 §90 
1,280 
1,460 


1,100 
960 
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Originals, 


Hs. 


Vill —Branch—cont. 


12 drops os ae ae 7 
5 sluices a a a os 
Harthwork . 


TX.—Branch. 
2 head sinices ws a - 
1 head sluice .. - - te 
5S regulators 4. o. = 7 
44 drops vs 7 vs 7 


2 drops and regulators combined .. 
4) drops ve ; 
Drop and superpassage combined ., 


4 drops and sluices combined ve 
6 culverts ws os - 

4 culverts a ve - o> 
2 superpassages vs +e ve 
3 road tunnels ts - - 
44 gluices - 

40 sluices - ve - ee 
Earthwork  ,. ws _ 

A.— branch, 

3 head sluices e os 

S regulators .. - - 7 


29 drops - a es 
22 drops 7 o ae 
5 drops and sluices combined 
19 culverts 

Road tunnel 


33 aluices | ve ee 1 wa 

Earthwork .., er ve oe 
AL,-— Branch. 

Hoad slaoice .. +e os 

Regulator .. 7 

6 drops 


10 drops ae ae 7 -_ 
Road tunnel .. 

12 sluiees - re - an 
Earthwork .. an we + 


asf se 


7,750 
1,930 
7,090 


4,279 
2,400 
38,930 


5,110 
1,440 
36,260 


52,060 
1,270 
11,560 
66,225 


1,770 
480 
4,680 
960 
8,810 
13,150 


Revised, 
RS, 


7,150 
1,930 
7,090 


2,440 
1,920 
1,130 
33,340 
1,756 
2,460 
8,230 
2,900 
2,010 
13,440 
56,640 


4,420 
1,440 
22,400 
5,190 
52,060 
1,270 


11,560 
66,225 


1,050 
480 
7,686 
960 
3,810 
13,150 
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. mi. J 
& Originals. Revised, 
Ra, Ra, 
ALT —Branch. 

Head sluice ., 7 vs we 2,500 2,500 
3 regulators .. ee - _ 1,440 1,440 

Drop 7 - +e we 2,040 7 
5 drops a ve - - - 5,240 
3 road tunnels _ 7 a 3,020 §,020 
30 sluices oe er a oo 54,220 54,220 
Earthwork .. 7 9,930 9,930 
Buildings .. 7 - Vs 5,600 5,000 
Maintenance during construction .. 40,000 40,000 
Unforeseen works ve 4,844 
Total main canal (12 reaches) 18,67,000 12,64,000 
Total distributaries (12 branches) ., 7,538,000 7,145,000 
Grand total .. 21,20,000  19,79,000 


ee Eee ee 


Subsequent to the submission of tho revised estimates it was deter- 
mined also to excavate minor distributaries except such as irrigated 
less than 50 acres, and these will amount to a further sum of about 
Rs. 2,00,000. | 

From the above statement it will bo at once seen that the distribu- 
tion works were both numerous and important, and such as to demand 
great skill and judgment in design. In the course of the work the 
whole of the canals wero re-aligned and covery masonry work designed 
afresh, so that it is unnecessary to deal with the works except as thus 
- modified. | 
As above stated, the point selected for off-take from the river Vaigai 
was at Peranai, an old anicut of native con- 
struction, for the benefit of the Vadagarai 
channel, which already irrigated 4,200 aores 
through an open head. This anicut is 1,800 feet long and runs in a 
tortuous line skew to the river (see Plate XIII). The crest ig not 
uniform, there being in placea a difference of a foot in level, and the 
section also is very irregular. ‘Through repeated repairs, however, it 
has become fairly massive and though the maximum flood velocity is 
computed to be 28 feet per second the greater part of the coping is of 
granite, and it was therefore decided not to make extensive alterations. 
For 900 feet on the right the foundation is of rock and the coping ig 

8 


Poranai anieut and head 
gluice. 
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laid on a body wall of brickwork of varying depth. The left portion is 
built on soft soil, and a massive but irregular apron has accumulated in 
rear. ‘l'heae portions were left practically untouched, but on the extreme 
left a scouring sluice was built consisting of 5 vents of 5% feet by 6 feet 
(see Plate XV). The shutters are worked by screw gearing from a 
platform 104 feet above the crost of the aniout and 3} feet above the 
highest recorded flood, the sill of the-sluices being 74 feet below the 
— erest. On the right and left massive wings form a junction with the 
anicut aud head sluice, respectively, and the left bank of the river in 
rear is heavily revetted.. ) 

The head sluice is an important structure of 8 vents of 10 feet span, 
with sluice gates 103 feet by 9 feet worked by double screws connected 
by a chain on toothed pinions. The sills are 6 feet below the anicut 
‘erest, the platform being at the same level as that of the scouring sluice. 
The area of the vents when free from silt is 480 square feet and they are 
designed to pass 2,016 cubic foet a second with a velocity of 4°20 feet. 
The dimensions and particulars will be best seen by a reference to the 
plan (Plate XTV). 

The main canal is nearly 38 miles in length and is divided into 


eleven reaches, the particulars of which are as 
Main canal. 





























follows :— 
ba | _ , 
, = L Bottom | Side Yevtl | Bedfall | Velocity | Discharge : 
7 S ength. | width. | slopes. opr ij per mile, | per second, per seound, 
Fai : 
7 | 1 | — : 
M. OF, Pr. | rr. | OFY, | FT CUH, FT, | 
117 2 0! 160 | | rhode f° 281 1,838 | 
| ! 
2132 0! 7 | | | | 119 | 274 1,815 | 
| | | i 

$ | 6 3 19, G88 |} | | 1°20 274 1,279 | 
1 : I 
4 | 12 140 | azo | | ! 121 | 2°70 1,150 |, 
2 51° | 24 2°64 954 
§ | 2 3 30 | 512 a | : 
G | 8 6 400] 485 & wo 4] P85 265 | Ola 
7 11 6 560! 468 | ~ | 125 266 : 890 
8 1 2 200 | AY | | | | 120 | 2°66 | A81 
1 1 460- ASF | | | : 1°27 | 202 | §28 

| 2 i | | a 
Ww] 5 4 OF WH | 4 1°39 270 | 389 | 
: 


Jy 
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From the main canal diverge twelve branches composed as follows :— 


Ci i 











3 | | | | 
es : ! , . 
2 2 ' Hottom . Sie Bedfali | Velocity | Discharge 
af Length, width, = slopes, - | Depth. per mile. | per second,| per second. 
| 3 | | 
| — ! eT aa | 
M. OK, PT. ! FT, Fr, : rT, | CUB. FT. 
re nee : A ce > 
| ; 
; 2 1.1 3 540 4 | | Go Te Ce 26 
. 7 | | | 
(3 | 4 0 450 775 : | 6 6 194 42 
4 | 4 7 160 | 195 : |: 6 © 6 + 380 | 106 
| | | . 
' 5 | & O 600 5 | Go Go BA 30 
! . i | 
6 | 8 8 100 3 {on 6 Bb 165 20 
> Fs | : 
7 * O75 i { m | 6 r 13s 10 
i : | 
8 | 3 0 360 4 | | Hb | “i 71 24, 
9 |10 0 568| 380 |; i} 3 | 2 2°57 265 
10 | 7 2 820] 27% ; | 3 88 2°58 : 248 
| i 
1] 5&5 2 380 i | 3 | a} 2°33 $4. 
12 {18 1 550); 22 | 4) 8 2-97 | 333 
y t 





* Not yet dag. 


The country in the vicinity of the Vaigai is undulating and irrogular, 
and by no means ideal for irrigation, necessitating much deep cutting 
and rock excavation, many sharp curves, and numerous drops and 
regulators. There ig also a groat deal of cross drainage and existing 
irrigation which it was inconvenient to command from the Periydr 
channels, and a large number of masonry works was requisite on these — 
accounts. A further large item is the bridges of various sizes, amounting 
to no less than 45 on the main canal and main branches, which have 
had to be provided wherever a cart-track, however exiguous, previously 
existed, and which have debited the project with a considerable capital 
charge, while extra expense has also been incurred by adapting many of 
the drops, regulators and superpassages to the same purpose. An econo- 
mical alignment was rendered difficult by a period of scarce rainfall 
which occurred just before the course of the main canal was laid out. 
Work had to be found at once for a large numbor of coolies at varioug 
points, and these points thus became fixed for the future, and the rest 
of the line had to be worked in to meet them, Apart from thig 
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convenience of command was the first consideration, followed by facility 
in cutting cross drainages, and after allowing for these factors, the rest 
of the line was then laid out in the most economical manner possible. 
It was, on the whole, found best to cut through ridges instead of following 
contours, a reduction of nearly two miles in length being thus effected 
with a corresponding saving in head and in maintenance, modified by a 
slight increase in distributaries. The total length of the main canal is 
nearly 38 miles, the depth being throughout 6 feet, and the carrying 
capacity 2,016 cubie feet a second at the head, and 288 cubic feet a 
second at the tail, where it runs into the 12th branch. The side slopes 
are 14 to | in earth, vertical in rock, there is a berm of 10 feet on cach 
side, and the designed height of the banks is 12 feet ahove the bed with 
slopes of 2 to 1 and a top width of 6 feet. The bottom width is 100 feet 
at head and 12 feet at tail, the surfaco fall varying from 1/16 to 2°53 feet 
per mile, giving a velocity of from 3 to 4 feet per second. The total 
fall is 71:19 feet, which includes four drops aggrogating 19:25 fect, the 
aftlux at superpassages and the level lengths in the beds of fourteen 
tanks passed through. The bank is double throughout to exclude cross 
drainage, except for threo flush inlets where the canal is commanded by 
Mattaparai tank, and near large cross drainage works the upper bank is 
made 1 foot or 13 feet higher than normal. Where the cutting was 
greater than the economic routine section, all extra spoil was thrown on 
the right bank to assist in widening the inspection road, except whero 
‘the left bank needed strengthening against floods, but where roads for 
traffic had to be mado or diverted parallel to the canal they were made 
at the outer too of the banks. Trees are being by degrees planted along 
the toe to afford shade and mark the boundary. In places where the 
soll was loose, grass was dibbled on the banks, in some places they were 
turfed, and in a fow it was necessary to plant sea-pink. All approaches 
to cross-drainage works were revetted, aa well as three of the tanks 
passed through, namely, Ramarajiporam, NAchikGlam and Vodaktlam. 
In cases where extra earthwork for tho banks was needed, borrow pits 
were at first, made in the bed of the canal, leaving a 10-feot berm, but 
excavation in the deep soll waa costly, and it was therefore found advis- 
able to take earth from outside the banks, leaving 15 to 18 feet of 
margin, The work thus done was in some cases directly advantageous, 
since it lowered the level of fields which would not otherwise have been 
commanded. The banks were found to stand best which were formed 
of soil the result of disintegrated surface rock, as they became quickly 
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covered with natural grass. The most tronblesome banks were those 
formed of yellow soil mixed with kunkur, or of black cotton soil. High 
banka of the latter material have spread at the base and have had to be 
helped in places with revetment. In delicate places the berms were 
sloped inwards and the top of banks outwards and small turf banks 
constructed to direct the drainage. The Ist, 3rd, 6th, 11th, 18th, 21st 
aud 26th miles were in deep cutting in rock or hard red soil with bands 
of kunkur. Hlsowhere the soil was easy to excavate. , 

The slope of the country is naturally steep, being as much as 1 in 150 
over wide areas, and there are numerous baro hills, 
while the whole drainage basin is singularly devoid 
of trees and small vegetation, with rock often exposed or but a short 
distance below the surface. Falla of rain of 1 inch in 15 minutes and 
5 inches in 12 hours have been observed, and on these grounds a high 
percentage of run off wags allowed for, the actual figures being as 
follows :— 


Crosa drainage. 


Aroa, Run off per hour. 
8Q. MILES. INCHES, 
0:5 oe os os vs + 1-20 
1°0 ae os oe we rs 0-93 
2'0 7 ve 7 7 0:74 
a() ve ws ae es ms 0°65 
oO es ne ve ms 7 0°54 
10°0 oe os as os a 0-43 
18:0 a es oe os a Q'34 
20°0 as a re 1s os 0°34 
2a'0 - + a es + 0°31 
75:0 - te a ¥e 0-22 


The areas were taken from village maps of 8 inches to the mile and 
the discharges of the various nullahs were not caleulated from sections 
or bedfalls, which were extremely variable. All cross drainage with but 
one important exception was designed to be passed either under or over, 
not through the canal, and there aro no flush inlets or outlets of any 
significance. The result has been a great saving in initial cost of 
masonry works, and it has been unnecessary to consider the effect of 
heavy rainfall and full supply in the canal at the same time. ‘There 
were in all 12 superpassages, 3 aqueducts, 25 culyerts, and smaller cross 
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drainage works, amounting in all to 55 including weirs of tanks, in the’ 
length of tho main canal. The crossings of the nullahs were, as pre- 
viously stated, fixed so as to ensure good foundations and sufficient 
headway, though small nullahs were occasionally diverted in order to 
make one masonry work serve for two. The most important of these 
works were Ramarajdphram surplus sluice in the 4th milo, Andipatti 
aqueduct in the 11th mile, and Shattiydr and M arangaliyér super- 

passages in the 19th mile. 7 


Rémardjaptram surplus sluice is situated at 3 miles 7 furlongs, close 
to the tank of the same name, and is designed for a catchment of 75 
square miles with a discharge of 10,688 cubic fect a second. T+ consista 
of 12 vents of 10-feet span and has a waterway of 1,200 square feet. 
The platform is 62 feet wide carried on 2 arches, 13 fect'deep and 21 
feet rise, cach 3 fect wide with 9 inches between them for a passage 
for the lifting gear, which is fixed at 20 fcet above tho sill. The 
shutters can thus be raised 10 feet and if they are not open a flush escape 
of 120 fect remains. The aills of tho vents aro 4 feet bolow the bed of 
the canal, and the shutters are 10 feet deep, so as to hold up a full 
supply of 6 feet in the canal. The bed of the canal is here pitched, 
and in rear of the surplus sluice are two cushion floors of cy clopean 
rubble in mortar. Tho total longth of this work between abutments is 
164 feet. 


Andipatti aqueduct is at 10 imiles 7 furlongs and is designed for a 
catchment of 143 square miles, and a discharge of 4,300 cubic feet a 
second through the subtorpassage. The length between faces of para- 
pets is 84 feet and between the ends of cushion walls 109 feet. The 
clear width is 72 feet, comprised in 3 arches of 24 foet span, 4 feet rise, 
and 2 feet thick at the crown. The intrados is plastered, but the 
extrados which forms the bed of the canal is unplastered. There is no 
drop wall, the cistern being cut in rock. 


The Marangaliydr suporpassage is situated at 18 milos 7 furlongs on 
the main channel and is designed to pass a jungle stream rising in the 
Sirumalai hills which rise to 4,000 feet and are sparsely covered with 
jungle. The catchment area of the stream is 62 square miles. The 


original design has beon found faulty, insufficient waterway having  - 


been allowed for the stream, and on the 23rd August 1894 a flood came _ 
down spilling over the side walls and also causing a breach 70 feet - 
wide in the left bank of the main channel. The rainfall that caused 


ita PERIYAR PROJECT. : 148 


‘the breach was, 9s far aa oan be ascertained, generally speaking, 
moderate (unless something approaching a cloud burst occurred in some 
part of the catchment aroa), and had been preceded by dry weather. 
The flood was mainly caused by a tank breaching and carrying several 

- others below itin its course. = | 


The superpassage was originally designed to carry a flood discharge 
of 6,300 cubio feet a second, calculated as |follows:— D = C0 Fy¥m’; 
C = 480; M = the area of the catchment basin in square miles = 96. 
It is not known what was the actual flood discharge on 23rd August, 
but the@lischarge now allowed for is calculated on an area of 62 square 
miles by the above formula with the co-efficient C = 700; therefore D 
— 10,962 cubic feet a second. It was originally reported that the 
Shattiar river crossing the main channel by a work similar to this at 18 
miles 3 furlongs spilled over its banks into the Marangaliydr which is 
at a lower level; but this has been denied by all the ryots owning lands 
between the two streams. The originally calculated M.W.L. 1s 588-56. 
The observed flood level is 591'72 and the calculated M.W.L. 693°56, 
The side walls and wings have accordingly been raised 3 fect. 


The superpassage now consists of asingle sermontal concrete arch 24 
feet. span with a rise of 4 feet, the thickness at crown being 24 fect. 
The side walls of the tunnel aro 5 feet high and the floor (R L. 570-56) 
is sunk to 4 feet below channel bed. The maximum upward pressure 
on the arch is that due to a head of 10 fcet and no spouting has been 
observed. Ovor the concrete is o layer of slab stones 6 inches thick. 
The drop walls ia front and rear aro semi-circular on plan, 14 feet high, 
2 feet: wide at top and 5 feet wido at base, battered on theinside. The 

internal radius at base is 18 feet. The work is built throughout of 
coursed rubble coped with dressed stone, the side walls of the tunnel 
only having a base of concrete. The stone is a hard close-grained 
gneiss obtained by burning sheets of rock common in the district. The 
lime is got from nodular limestone ‘Ihe heading up of the channel 
has been inappreciablo, as has also boon the case in the other super- — 
passages ; soveral culvorta have, on the other hand, silted badly and 
given trouble. Whore either can be used superpassages aro eminently 


_ superior to undertunnels. 


The Marangaliy4r stream is perennial, and this was the only 
instance in which steam pumping was required in the foundations. 
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From reaches 5 to 12, both inclusive, the following dimensions were 


adopted for all superpassages, which were of the same general design ;— 
na eee 








Reach, Span, | orton Rise, | Area. 
NO FEET, FEET. FEET, 8Q. PEET. 

§ 24 5 4 84 

6 24 6 4 184 

7 24 4} 4 172 

8 24 43 4 172 

9 20 54 4 163 

10 i6 5 3 112 

il 12 4 3 70 

12 8 5 2 51 





ee 


There are three regulators in the main canal at 7 miles 5 furlongs, 

at 27 miles 4 furlongs, and at 32 miles 4 furlongs. 

The first, which is much the most important, is 

at Nachikilam tank and consiats of 5 vents of 15 feet span, the arches 

springing from picrs 7 feet above the floor and rising 25 feet. The 

shutters are 5 feet high and the maximum supply level is 81 feet above 

the bed, and the discharge therefore with shutters down amounts to 

1,458 cubie feet a second, which is the maximum discharge in this 

reach. In caso of necessity the waterway above the shutters can be 

closed with planks. Tho shutters do not run in grooves but on plane 

surfaces, as watcr-tightness is not essential, the only object being to hold 

water up and by forcing excess water over the weir of NAchiktilam tauk 

to prevent floods from running down the canal. ‘he’ shutters are 15 

feet by 5 feet with double Y-inch scrows fixed 3 fest from the end of 
each shutter. Tho sliding surfaces are iron joists 7 inches wide and 3} | 
Inches deep, weighing 20 Ib. to the foot run, built into the floor and 

into the arch; and the shutters work on iron rollers of 9 inches diameter 

on 1}-inch axles, placed at 1 foot and 3 feet from the bottom of the 

shutter. 


The sccond regulator is built at 27 miles 4 furlongs at the end of - 
the Pappankflam tank and is combined with a bridge giving 15 feet of * 
roadway. The vents are three of 16 foot span, 7 feet deop to springing, | 
with a shutter platform 5 feet wide. Tho shutters arc 16 foet by 5 feet - 
and are worked on the sanio principle as those of the NAchikilam | 
regulator. 


Regulators, 
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~The third regulator is a small affair of # vents of 6-feet span, the 
piers being 74 feet to springing. Itis built at 82 miles 4 furlongs below 
Devimangalam tank and is worked with removable planks. 

There are four drops or falls in the main canal aggrogating 214 
 feet.. The width of the canal was reduced from 82, 68°8, 15 and 12 
feet, to 32, 30, 10 and 7 fect, reapectively, at the drops, in order te 
maintain the depth in front at full supply level. All are sheer overfalls 
and the design is simple, needing no further description than a reference 
to the plan (Plate XVI). Where the drop is combined with a sluice 
on the upstream side there iy tmequality in the foundations, both in 
the main canal, and in the branches in which numerous drops oceur, 
and in the result there have been instances of unequal settlement and 
parting at the Junctions. 


The sluices on the main canal are not in any way unusual, the 
principal being the Vadagarai channel head sluice which consists of 
2 vents of 10-feet span, the picr and abutments 5 feet high to spring- 
Ing and the arches 2 fect rise, with ordinary scrow-gearing shutters. 
Below the sluice ten iron standards are set up in the main canal, in 
which planks can be fixed to turn all water down the Vadagarai channel 
when there is no Periydr water in the Vaigai. The general type of the 
sluices on the main canal is an arched vent or vents of small span 
with screw-gearing shutters, and a platform 44 feet to 6 feet above 
F.8.L, The barrels of the vents have 18-inch collars at 10 feet inter- 
vals to prevent creeps. From 6 to 9 feet of roadway is allowed between 
the parapets. 

A. few general remarks will suffice to close the subject of the con- 
struction of these works. The highest floods in the Vaigai will occur 
in May or November, and full supply will be let into the main canal in 
June, July, August and September, so it is unlikely that both will occur 
at the same time. Cross drainage is, however, as previously observed, 
kept out of the canal, and as a measure of precaution no account of 
the downward pressure from water in the canal is taken in taloulating 
_ the efficiency of the arches of the aqueducts in resisting upward pressure. 
The Vaigai itself between May and September generally carries but 
from 10 to 150 cubic feet a second, the maximum observed during any 
year being 33,824 oubic feet a second on 8th November 1884, eqniva- 
lent to a run off of 0:905 inches in 24 hdurs, from a catchment of 520 
square miles of hills and 870 square miles of plains. ‘he platform of 
T 
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the head aluice has been built 3? feet above the maximum level of thia 
flood. 

The foundations of the principal masonry works were nearly always 
on rock, very occasionally on hard clay or kunkur. The spans were 
usually 24 or 25 feet to economise centerings, but in small or low 
arches earth centerings wore often used. The arches were generally 
concrete, but for spans of less than 74 feet slabstones were employed. 
The bricks in tho neighbourhood were bad, therefore the masonry 
| throughout was of coursed rubble or burnt stone in mortar, the rock 
throughout the country being a species of aycnite or gneiss. The faces 
of tho stones were chisel-drafted but rough at the back to bond witb 
- eonorete 14 the case of voussoirs for arches. ‘lhe lime, burnt from 
kunkur found in the vicinity, was of good quality, and the masonry ia 
very solid and of useful appearance. Tho mortar was composed of | 
part lime, lj sand, j surki, by measuroment, and the concrete of 2} 
parts of stone to 1 of mortar im archwork, otherwise of 3 of atone to 1 
of mortar. In archwork the concrete was laid circumferentially in 6- 
inch layers and the top of cach course was grouted. In the case of 
superpassages the floors were covered over tho concrete with large 6- 
inch stone slabs laid diagonally. The centering was generally removed 
after a month, but sometimes after a half or even a third of that time 


without ill effects. Concrete was, on the whole, economiogl as compared ~ 


with rubble masonry, since the masons of Madura, though of consider- 
ablo local reputation and undoubtedly clever stonc-dressors, devour very _ 
nearly half the year in holidays. For this and other reasons large con 
tracts were found inadvisable and nearly all the work was done by 
pioce-work. The principal rates will be found in table IT. 
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CHAPTER IV. 
lrrigation—-Total axpenditure- Retnrna. 


In all large undertakings, such as the Peviyér project, the question 
of construction is but ephemeral. When the dust has eleared away, two 
much more lasting and important considerations arise -- first, whether the 
work done will be of real utility to the country, apart trom any direct 
returns; and second, whether the reyenue arising from the work will 
represent a reasonable intercst on the capital expended. Tho first question 
may readily be answered in the affirmative. Inthe opening chapter of 
this book, mention was made of the frequent, even constant, scarcity of 
water in the neighbourhood of Madura, and of the sufferings and oxpense 
that resulted therefrom. It is beyond cavil that the mere fact of pouring 
such a vast quantity of water as is ropresented by the Perly4r river down 
the bed of the Vaigai and through the distribution canals must in itself 
be of inestimable benefit. Tho wells, the cattle, the crops, the pasture, 
the fish, must all fecl tho effects, which though not measurable in rupecs 
are obvious and incontrovertible. From the standpoint of a just and 
humane Government, this 1s after all the most important aspect, and an 
aspect of particular importance in the Madura district. A large number 
of nseful human beings are practically secure from want. The point is 
moat noteworthy, though apt in criticism to be neglected. It need not 
here be further enlarged on. 


In the other question-—that of returns—it is twenty years too soon to 
form an authoritative opinion. All that can be done is to tabulate the 
forecasts, to narrate the present progress, to describe bricfly the obstacles 
and the encouragements that have so far made themsclves manifest, 


In the year 1875, after considerable correspondence and previous 
investigation, the Government of Madras deputed the late Mr. 1. F. 
Clogstoun to submit a complete report on the probable result from a 
financial point of view of the contemplated works. This report was 

-submitted in a very thorough and exhaustive form in July 1876. Pass- 
ing over the indirect, but manifest advantages resulting mercly from tho 
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difference between irrigated and unirrigated land, Mr. Clogstoun divided 
his enquiry into three branches— 


(1) The classification and grain valuation of all Government 
lands irrigable by the project, and a detormination of the probable cost 
of cultivation of the same lands with rice, in view to arriving at the 
surplus produce or profit, available for division between the Government 
and the cultivator. | 


(2) The determination of a commutation rate and an assessment 
which, while rendering the cultivation of rice so advantageous to the 
ryots as to ensure that irrigation shall bein great demand, shall yet 
give to Government a fund sufficient to gnarantco a fair profit on any 
reasonablo expenditure in providing this irrigation. 


(3} The selection from the whole arca commanded of that land 
to which water may bo most advantageously supplied, as also the area 
on which it may be advisable to permit the growth of second crop in 
preference to extending the area of single crop cultivation. 


The conclusion of the report treated of the probable length of time 
required to bring under wet cultivation the large area, 150,000 acros, 
which the channels are capable of irrigating, with a fow remarks on the 
genoral state of the district and upon any circumstances connected with © 
the customs or habits of the ryots or with tho nature and quality of the 
lands of the district which might tend, projudicially or otherwise, to 
affect the success of the project. 


Mr. Clogstoun’s report was the deciding factor in determining the 
Governmont of Madras to presa for the proscoution of the work. The 
classification of soils was, in totals— 


ACRES. 

Black clay ee oe os os ws 65 
Do. loam - vs a ve ~» 46,482 
Do. sand - ve - es a 1,305 
Red loam ‘e a ee > .. 20,172 
Do. sand ne a - - ». «=—26, , 896 





Total .. 93,920 





of which 44,374 acros was wet and 49,546 acres wab dry. Of the land 
already wet 4,357 acres was inam, and of the dry land 3,400 aores, 
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Tho grain valuation, the result of numerous experiments and a wide 
experience, was taken as follows, after a deduction of 20 per cont. for 
vicissitudes of season and allowance for waste :— 


MEASURES. 
Black clay, Ist sort .. Me ve i 800 
Do. Zud ,, 720 
Do. ord ,, 640 
Do. 4th ,, es 496 
Do. 5th ,, ; 496 
Black loam, lst ,, ; 800 
Do. 2nd ,, 720 
Do. srd_,, ; 640 
Do. 4th ,, ; e 496 
Do. Sth ,, ae 496 
Black sand, Ist ,, ' 720 
Do. 2nd,, ve 640 
Do. 3rd _,, ws 560 
Do. 4th ,, 496 
Do. 5th ,, os 496 
Red loam, ist ,, oe 800 
Do. 2nd ,, - 720 
Do. °* ard ,, 640 
Do. 4th ,, ve 496 
Do. Sth ,, 496 
Red sand, Ist ,, 720 
- Do. 2nd ,, ; es 640 
Do. ard ,, 7 oe 560 
Do. 4th ,, a 496 
Do. 5th ,, ve 496 


the average of which per acre in an average year amounts to 672 Madras 
measures, an cstimate considerably below the result of actual experi- 


ments in the same tract of country and much less than that of other 
districts undor similar conditions. 


Mr. Clogstoun then proceeded to examine the rate at which the 
grain valuation should ‘be commuted into a 
; money valuation. : He found that the average 

selling price of paddy in tho Madura district from 1844 to 1864 was 
Rs. 128-8-0 per garce, and from 1854 to 1874 Rs. 181-10-0 per garce, 


The commutation rato, 
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while the average price in the Madura district ang the noighbouring 
Tinnevelly, Trichmopoly and Tanjore districts combined, from 1844 
to 1864 was Rs. 123-9-0 per garce, and from 1854 to 1874 waa Ra. 
169-9-5 per garce. From these prices he deducted 16 per cent. as 
representing merchants’ prices, &c., and the sale price of the ryots 
became-— 


RS. 
Madura, 1844 to 1864 se a te .. 107 
The four districts ss - - - »s 105 
Madura, 1854 to 1874 - - - .. 154 
The four districts - ve 1 we .. L444 


and he therefore adopted a commutation rate of Rs. 120 per garce, which 
he considered well within the mark. It may be noticed that the com- 
mutation rate early in the century was fixed at Ra. GU per gareo, 
showing a very great and growing increase. 


From the above rate a further deduction for enltivation expenses was 
necessary in order to fix a reasonable water-ratc. This deduction Mr. 
Clogstoun fixed at Rs. 10-8~6 per acre on the average, composed as 
follows :— 


RS. A. P 
Coast of implemonts ve a - . 1 6 0 
Do. of seed - _ - re 1 0 0 
Do. of manure ., a - ae » 1 8 QO 
Do. of labour... on a a 7 0 6. 


Total .. 10 8 6 


The average grain valuation being 672 measures per acre or 
Rs. 25-3-2, the value of the net outturn per acre, allowing for vicissi- 
tudes of season, becomes very nearly Rs. 14, of which it is usual to take 
half as the Government asscasment. 


Mr. Clogstoun thon entered into an exhaustive consideration of the 
extra revenuc to be expected, dividing the land for this purpose into 
three groups, according as it was at present irrigated by anicut channels, ~ 
by korambu channels, or by rain-fed tanks, and deducting, of conrse, the* 
existing assessment. ‘The conclusions he arrived at were— 
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Total net 

Extent, value of extra 

AaSOSsInNGnt. 

ACRES, na, 

First group 7 7 1,000 - 15,328 
Second group ,. 7 4,000 25,000 
Third group... 1. 75,878 4,27, 136 
Total tt 80,878 4,67,464 





to which he added 15,210 acres of dry land in inam and zamindart 
villages, the water-rate on which would amount to Rs. 91,260, the 
totals thus becoming--- 


Kixpenditure of water equal to tho irrigation 
of single crop ., te a .. Acs, 96,086 
ijxtra assessment ., a ». Rs. 6,58,63-+4 


Finally, Mr. Clogstoun then considered the question of second 
crop, his conclusions on which point are stated below. The general 
summary of the report was that a return might be looked for of 
Rs. 4,67,374 from a total area of 93,000 acres, equivalent in its 
demand for water to nn area of 80,878 acres, in Government villages; 
of Rs. 91,260 from 15,210 acres of inam aud zamindari land; and of 
He. 2,15,618 for a second crop from 53,912 acres; making a total 
return of Hs, 7,74,274 from an area of 150,000 acres of irrigation. 
Colonel Pennyouick considered that these estimates wero moderate 
excopt in the one point of second crop, always an uncertain subject upon 
which to prophesy, and the Director of Revonue Settlement in sub- 
mitting Mr. Clogstoun’s report proposed to reduce the estimated return 
on this account from Res, 2,15,648 tou Rs. 1,00,000, This, however, 
Colonel Pennycuick considered an error in the opposite direction, in 
view of the known anxicty of the ryot to get as much as possible out 
of his land and the certainty of water being available. He, therefore, 
estimuted the return on this account at Rs, 1,41,874, making a 
total expected return of Its. 7,00,000, In this total no account was 
taken of the sums to be realised by the sale of occupancy rights either 
of fresh land or of the beds of tanks to te abandoned, or of indirect 
revenue on account of fresh land taken up in place of existing dry 
converted ito wet, although the project was debited with the assess: 
mont of existing cultivation. 
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The ostimates of returms were accepted with some slight modifica- 
tions and were submitted to the Government of India in the ‘ollowing 
shape :— 
























































Degcription of land Taram vee Irrigable | Bate per it 
) p . ‘ yield par area, acre. avyente, 
acre, 
to * 
No. MAD. MEAG. ACS. BA, Ra. 
Governnient i } 000 16,43 1 8} 1,99,6634 
Do. 9 ‘900 29,522 7h | 221,415 
Deo, 3 800 21,905 id 1 42,3824 
Da. _ 4, FOO , 6, S46) bt 32, L004 
Do. ase b 20 2 643 fy 13,215 
Total .. oo 76,850 | 6,48,8454 
Tank-beds ... - ves 9,196 8 73,568 
Usnel wet inam . 4,856 Free, nes 
Dry imam ... iy 400 6 20,400 
“Aamindsri .., vas 15,216 6 91,260 
Total ... 108,538 - 7,34,0734 
Deduct revenue due to | 
old irrigntion, averagy 
of ten years’ collections, | 1,52,598 
Nat total aan th ao oan ted 5,81 APSR 
Deduct area and revenue | 
of land not advianable to 
irrigate under the pro- 
jact en ues ree A 7,088 eee 22,8402 
Nat total... a 101,006 a §,58,626 
Second crop... vee wes ves 141,374 
Total la | 101,000 - 7 00,600 





Tho extent of unoccupied lands to be brought under irrigation was 
ostimated at 35,998 acres, viz. :— 


ACH, 
Dry lands... - - - ae ». 20,616 
Wet ,, 7 _ - os - ». 6,186 
Tank beds ... oe we ee ve .. 9,196 


Ee eee 


Total .. 35,998 





which should produce Rs. 46,122 as enhanced land revenue at Ra. 1-4-6 
per acre, the average rate of dry assessment. 

‘These forecasts were accepted by the Government of India with some 
modifications, and the figures of gross revenue were submitted to the 
Secretary of State for India as follows :— 
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From 85,790 acres, Government land ,. ve .. 4,67,374 
From 15,210 acres, inam and zamindari lands .. 60,840 
From second crop irrigation re . a .. 1,00,000 


Total gross ravenuc ., 
Maintenance charges at Rs. 1} per acra .. 





Net revenue ., 5,02,814 





The forecast of growth of irrigation and revenue receipts and charges 


was as follows :-— 
Revente Rece‘pls and Charges. 


TZ, 























aa © Net revenue dus 
Gross revenue duc te works. | '7 ws to works, ‘ 
od ve 
5 : ts i 3 : og ot 
Yor. a 3 w ° v bf ® be p v 
2 me 2 eeeel/eat [oa 
%$ | ge | og | Tt eS" BlEsys | 2age 
E ao ce EY SS god g BESS 
AUS, th RA, Rs. RA, Ri. Ks. 
Seventh 11,000 B7, 080 4,600 G2,180 20,0 10 42,140) 37,540) 
Kighth 21,000 | 1,15,874 9200 | 1,256,074 4(},080 84,04, 75,794 
Ninth , $1,000 | 1,74,164 18,806 | 1,87,064 GO,120 | 3,27,844 1,14,044 
Tenth 406 AL, OOO | 2,82, 45-4 18,460 | 2,50,83-4 SO,1G0 | 170,604 | 1,564,204 
Eleventh ... | 51,000 | 2,890,746 23,000 | 3,139,745.) 1,00,200 | 2,135,545 | 1,090,545 
Twelfth ... | 61,000 | 3,49,038 27,600 | 3,76,088 | 105440 | 2,714,398 213,798 
Thirteenth, | 71,000 | 4,07,330 32,200 7 489,580 | 110,260 3,290,250 2,977,050 
Fourteenth, | 841,000 | 4,65,621 36,800 | 3,02,421 | 1,750,320 | 3,587,101 3,50,301 
Fiftoenth,.. 91,000 | 5,238,013 414,406 | 5,115,318 | 1,20,860 | 4,44,053 | 4,038,508 
Sixteenth,,. | LOL,QOO | 5,82,214 46,000 | 6,28,214 ( 1,250,400 | 5,02,814 466,814. 
Seventeenth | 101,000 | 5,82,214 46,600 7 6,28,2b4 | 1,25,400 | 6,02,614 | 4,656,814 
: Hichteenth. | 107,000 | 5,82,214 46,000 | 6,28,214 | 1,25,100 | 56,02,814 | 4,56,81l4 
j 





—_ ee 
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Tho above figures were compared with the forecasts of expenditure 
on works, together with the loss hy cxchange and the price proposed to 
be paid to the Travancore Government, and an estimate of annual profit 
was thereby formed. ‘The three items named, however, subsequently 
underwent great altcrations, and i¢ would be useless here to set down 
the caleulations as submitted to the Seerctary of State for India with 
the plans and estimates in 1884, and sanctioned in the samo year. 

Tho works, in courso of construction, were visited by Sir Charles 
Elliot, then Public Works Minister, in 1890, when a certain amount 
of actual experionce had been gained, and at his instance further infor- 
mation was compiled and some of tho figures weconsidered. It was 
decided to deal with the different clasacs of lands to be benefited by the 
project as shown in the subjoined abstract. 


U 


=? Ryotwar occupied lands— 


(1) Dry.—For first crop a water-rate of Rs. 5 per acre and | 
forsecond crop Rs. 3. At the noxt revision of agssesa- © 
ment the whole to be placed in first group wet and 


treated as double crop lands. 

(2) Wet—To be charged first group wet assessment. Tor 
second crop 50 per cent. of the first crop assessment 
to be charged pending revision. 


JI. Ryotwar unoccupied lands including tank-beds—~ 


These lands to be converted into first group wet and charged - 


a consolidated assessment for two crops, with the exception 
of one-eighth of the arca believed ito be incapable of 
supply for sccond crop. 


IIf. Minor inams— 

(1) Dry.—To be charged wator-rato at Rs. 5 per acre for 
first crop and Rs. 3 for second crop, and no charge 
made in revision. 

(2) Wet.—No additional charge for first crop, but for second 
crop half the assessment at first group rates. 


TV. Whole inams and zamindaries.--No water available for dry 


lands or first crop on wet lands, but during sccond crop 


season Rs. 3 charged on about 8,000 acres. 


The financial results, according to these principles, would be as | 














L¥V. Whole insin, and 


follows :— 
; Second | 
Nature of lanl, First crop.| Increase. crop | [nercase. Total. 
ACK Ra ACA R&, Ra, 
I, Ryotwar occupied— 
(1) Dry - see 27,440 ) 1,387,201 13,720 41,160 | 1,78,361 | . . 
(2) Wet - be 43,446 93,919 21,723 52,428 146,347 |° 
Il. Ryotwar un-ocoupied 33,744 | 2,15,048 29,526 14,355 ) $,09,408 |- 
including tank-beds. ! | | 
III. Minor inams-— | | 
(1) Dry wis be 4.G47 — 24,236 2 AZ, 7,271 31,507 
(2). Wet _ _ 5,041 | 2,520 5,437 5,437 
| 


8,000 24,000 24,000 
zamindari, 











a a a 








ot 


Total 4, 114,518 | 470,404 77,913 | 2,24.651 | 6,953,038 | 


ae 
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Froth this it will be seen that the forecast of land under second crop 
was considerably augmonted. It was, at tho same time, decided not to 
sell wastc lands by auction, the preferential right of the ryots of a 
village to the oceupation of the waste land within it being admitted ; 
but tank-beds were placed on a different footing and were to be sold by 
auction, the amount to be realiscd from this item being estimated at 
Rs. 6,41,1383. 


In all the forecasts two clements of doubt necessarily existed, namely, 
the cost of the works and tho acreage that would be irrigated. By 1894 
the former had been practically removed and the figures were finally 
revised as follows :— 


Summary of Capital Expenditure. 
RS, 
Land compensation 7 _ = os oe) 1,483,469 


W orks— 
Other works - - - vs a .. 61,82,581 
Total .. 63,26,000 


ln | 


Establishment e+ + t+ Fr tr ae | 14,07 000 
Tools and plant .. ne 7 . - 1» 7,057,000 
Less recaipts on capital account ., a. - 1s: 18,000 


Net total ., 84,71,000 


ia — i. on by 


Summary of Indirect Charges on Capital Account. 


Rs, 


Capitalized abatement of land rovenuc .. os ., 82,600 
Leave and pension allowances... - » 1,96,500 


Total .. 2,795,000 





| ih 


Summary of growth of Irrigation and Recenue Receipts and Charges. 


A I I I a 





Area irrigated at end of 


| 
| 
each year | Estimate of revenue receipts and charges. 


a ers ee 
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{ 
var. | Working | ! 
First. evo c q Gross |} expenses, | , Net 
P. jPeconel crop. revenue. | direct and Fevenme due 
| indirect. to works. 
eS 
| ACS, ACS, iS. RS, Ks. 
| 1896-97 - - 11,468 7,794 72,1¢9 61,498 | 10,681 
| 1897-98 |. ,.. 22 918 15,595 | 1,44,237 82,101 62,136 
| 1898-99 34,368 | 23.376 216,295 1,02, 704 | 3,138,591 | 
| 1899.-1900 45,818 31,167 288,353 | 1,283,307 | 1,65,046 
| 1900-1 57,268 38,958 3,60,410 143,909 | 2.16, 501 
1901-2 sa 68,718 46,749 4,32,468 1,47,512 2,84,956 
1902-8 ve 80168 | 54,540 5,04,526 151,115 | 2,53,411 
| 19034. 91,618 62,331 8, 46,054 1,54,718 4,21 266 
| 1904~5 103,068 70,122 §,48,642 1,583,321 | 490,321 
| 1905-6 114,518 | 77,913 | 7,20,700 161,924 | 9,598,776 
/ 1906-7 114,518 77,913 | #,20,700 1,61,924 | 5,58,77 
1907-8 114,518 77,913 | 7.20,700 | B61 99+ | 5,58,776 
1908-9 114,518 77,913 | 7,20.700 1,61,924 558,776 
1909-10 114,518 77,913 | 720,700 | 1,61,924 5,58,776 
1910-11 114,518 77,913 7,20,¢00 | 1,61,92+4 558,776 
1911-12 114,518 47,913 ° 7,20,700 | 1,61 924 5,58, 770 | 
1912-13 114,538 77918 7,20,¢00 | 1,61 ,O%4 «608,776 | 
1913-14 - 114,518 77,913 7,20,700 | 1,61, 924. 5,508,776 | 
14-15. 114,518 77,913 7,20,700 | 1,61,924 558,776 | 
te 114,518 "7,918 7,20,700 | 1,61,924. 5,08, 776 | 


—_-" * aim 
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~The Agures i in column 7 include the payment of Rs. 40,000 annually 
to Travancore, and the collectitn charges at 5 percent. on revenuc. The 
working expenscs arc estimated at 12 annas per acre on ultimate first 
crop area. Tho total amounts to 6°38 per cent. on the total amount of 
estimate, instead of 8-92 per cent. as previously anticipated. 

The rovised estimato of net financial rosults was prepared in 1893 
before the works were finished, but the difference between the revised 
estimate and the actuals of expenditure was too slight to materially 
affect the figures :— 


Lestemate of Net Finaneral Results. 
























































ee n,n | meee en. _ 
| Direct | Interest | x, | Bimpg | Net reve 
Voar. capital | at 4 2? ot We ores | enue rs 
outlay. por cent. revyente, egs reve © Simple ij 
enue. | mterest, 
rn ne | i | 
To end of-- RS. | RS, KS, Ra. | BS, 
1892-93 - - 50,82,141 °  4,68,065 | - 4,68,065 
1893-94. -_ . ?)6 §4,25,658 | 230,156 - | 2,80,156 
1804-95 - we TA, 70, 658 | 2,77, 926 - | 2,77,926 | 
1895-96 oe va! 83,00,058 3,18,426 8,198,426 
1896-97 - 7 | 84,71,000 | 3,383,438 10, G81 | 3,22,752 | 
1897-98 ve . ) 84,71,000 | 8,38,840 62,136 i 2,756,704 | a 
1898-99 les | -8471,000 | 388.840 | 1,183,591, 2,25,249 | - 
1899-1960 9. | BATL.000 ) 838.840 | 1,05,046 | 173,704 - 
1901-2 - . $4,71,000 | 3,388,840 | 216,501 | 122,389 ! 
1902-3 - ov | 84,791,000 | 3,838,840 | 2,854,956 | 53,864 oy 
1903-4 - .'  S4,71,000 | 3,388,840 | 3,535,411 14,57 
1904-5 . 7 84,71,000 | 3,838,840 | 4,21, 866 | l. | 3,026 
1905-6 | 84,731,000 | 3,388,840 )  4,90,821 ' 151,481 
| 1906-7 | 84,732,000 | 3,388,810 | 564,776 | 219.936 
1907-8 ve |  84,71,000 | 8,38,840 | 5,58,776 | 219,936 
1908-9 vee .. | 84,71,000 | 3,835,640 | 5,58,776 | 2 19,0386 
1909-10 ves ves 84,71,000 | 3,938,840) 558,776 2 19,936 
1910-11 - - 84,71,000 | 338,840) 5,58,776 219,086 
1911-12 ve | 84,712,000 | 3,38,840 | B,BS770 | a ; 219,999 
1912-13 7 .. | 84,771,000 | 3,388,840 ;  5,58,776 - ¥.19,9389 
1913-14 - 7 84.71,000 | 3,38,840 | 5,58,776 | 219,936 
1914-15 - - 84,712,000 | 8,38,840 | 558,776 | 219,936 
1915-16 ee ae $4,71,000 | 3,3A610 | 558,776 | 219,936 
Total o, 7 80,61,566 | $2,65,045 | 94.64,895 J 20,068,374 
Deduct ... | - : 24, 64,895 
Not surplus revenue ... ) ben a - tas | 2,08,470 
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It now only remains to narrate briefly the advanec of irrigation soa 
“far as it has at present proceeded. The arca commanded consists of 
_ existing first-class irrigation, and of sccond, third, and fourth,—of waste 
of dry cultivation—and of the beds of abandoned tanks; and one of 
the first diffieulties that aroso lay in the fact that Governmont land was 
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in many cases divided or even cut off by inam and zamindari land, tho 
proprietors of which showed great reluctance cither to use the water 
themselves or to allow channels to pass through their property. By the 
terms of their tenure they reaped no diroct benefit from the spread of 
irrigation, though the ryots who held under them of course would do so, 
and though they also suffered no harm they were unwillin g to lend 
countenance to an improvement in which they saw no personal profit. 
The point of view was comprehensible but from it arose the necessity of 
much tact and persuasiveness to arrive at an amicable scttlement, and a 
consequcut delay in the expansion of irrigation. Some of the inamdars 7 
held out for a guarautce of permanent supply which of course could not 
be given, and others seemed to think that if the channels passed through 
their Jands they would be able to take water without detection and 
without payment, or that if they held out the water would be given at | 
a lower rate. The situation is by no means nique and is but one of the — 
many reasons for the passing of an Irrigation Act. It is at present 
being arranged to bank the channels running through lands and tank- 
beds belonging to inamdars who refuse to take the water, and there 
scems no doubt that they will finally agree to allow their tenante to 
make use of it. 

The enstom of the Madura ryots has hitherto been to sow their first 
crop in October for the north-cast monsoon and reap it in J anuary, & Very 
much smailer and more hazardous second crop being afterwards sown in 
Febrnary to he reaped in April. The Poriy4r water is however avail 
able in June aud if used from then onwards is hkely to ren dry in 
March, neecssitating a complete reconstruction of the habits of the 
people. In so conservative a race this is surc to take a considerable 
time, but it has already been donc in a few isolated cases. Thero is 
necessarily a danger nevertheless that thoy will utilise the Poriyaér 
water, but under the old system, and if the rain comes late, at the end of ; 
November or begmning of December, their crops (which will then be 
nearly ripe) run the risk of being damaged. This is a difficulty which 
will sct itself right in time. A more scrious obstaclo is the poverty of 
the country, which prevents the extension of irrigation on land hitherto ~ 
dry and diminishes the second crop on customary wet lands. Itis not — 
a grazing country and is very devoid of trocs, so that both leaf and ~ 
animal manure is scarce, nor have the ryots capital or enterpriso cnough « 
to remedy the defect by importing manure. This scema a caso for | 
the application of agricultural loans, and it would also probably be |. 
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‘eventually profitablo for the Government itself to become an importer of 
Manure on a small soale in order to make its utility clearly manifest. 
- Loaris might also be usefully employed in enabling ryots to entertain 
the initial cost of converting dry land into wet. Theso viows have 
already been aecepted by the Government and it has furthor beon 
suggested to allow a 50 por cent. reduction in water-rate for the first 
three years and 25 por cent. for tho second three in all cases of conver- 
sion of dry to wet, and a remark has previously been made of tho inten- 
tion of the Government to dig free of cost all distributary channels 
irrigating moro than 50 acres, Owing to the nature of the country 
these channels are far more difficult to lay out and costly to excavate 
than im delta districts. Long stretches of unocenpied and of inferior 
rocky or gravolly land have to be passed through by these channels, and 
until the water is brought close to the ryots and the supply shown to be 
reliable, it is too much to expect them to bo forward in demanding it. 
This policy is therefore being actively pursued by the Government. at 
prosent, and tho result so far is distinctly encouraging and considerably 
in advance of the forecast. During the year 1896-97, the first year of 
settled supply, 50,106 acres of ocoupicd wet were irrigated and 7,203 
acros of second crop and of inam and zamindari lands, with 1,217 acres 
of new first crop and 5,225 acres of new second crop, the revenne 
amounting to Rs. 2,66,480, of which Rs. 2,31,348 must he deducted for 
existing assessment ; and there scema no reason whatever to belicvo that 
« the expansion will not be normal and uniform. The only contretem ps 
has becn the jamming of the sluices at the head of the tunnel, which 
_ haa rondered it impossible to preserve any cxeess water (of which thero 
was a@ large quantity) for tho dry months of March, April and May. 
The loss is naturally under present circumstances of no moment, and 
_ arrangements have been made to substitute a Stoney’s patent shutter at 
- an early opportunity. 
| Uhere are over 1,000 tanks in the Madura and Mélir taluks affected 
by the Poriyér channels, and pending further knowledge of the 
Periyar in a bad monsoon it would be rash to at once abandon such as 
are ceonomically maintained, the more so that with complete utilisation 
_ of the water it js doubtful if a full supply would be available for more 
than two months after December even in a good monsoon; and in.that 
case water stored previously in tanks would be very uacful in March and 
April. Many tanks catching ordinary rainfall have therefore bocn 
_ retained, small and shallow tanks being generally abandoned, though 
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exceptions have here and there been mado § in 1 favour of some that were. 
favourably situated for flood regulators or distributing reservoirs. Ont 
of 320 tanks in the Madura taluk 80 have been for the present retained, | 
Tho rest only irrigate 5,858 acres In all and have an arca of 3,189 acres, 7 
of which over 2,000 can be cultivated. ‘T’he loss of storage will be 16 . 
per cent., which will be partly recouped by drainage running direct to 
other tanks. In Mélir taluk nearly all the tanks are amall and shallow 
and only 47 have heen retained which will be redueed by amalgamation 
to 41. The sale of oecupancy rights in the beds of abandoned tanks 
should produce a considerable sum. To fit them for cultivation the 
surplus works have been breached and the surplus channels decpened 
where neecssary. 


The branch channels and nunor distributarics amount in azgrogate - 
length to * miles and * miles, respectively. A sluice or distri- 
butary has generally been placed between evory two largo nullahs, the 
course being usually on the cresta of ridges; but deep and diffienit — 
excavation has been found unavoidable In some cases, and in others 
depressions have had to be crossed in which the channels have had to be 
heavily banked and the bed puddled. ‘he average duty of water was 
taken at from 22 to 66 acres per cubic foot per second, according to the — 
‘gizo of the channel, and in estimating the discharge a loss amounting to ~ 
from 4 to 1 cubic foot a second was allowed for evaporation. The - 
fall of the country being severo many drops were found requisite, and a., 
bedfall of 6 feot per mile had generally to be adopted, 2 feet depth of 
water only boing allowed so as to reduce the velocity. The charactere:* 
istics which militated against casy distribution however enable the _ 
drainage of the country to be performed without any difficulty. The. 
land commanded is bounded on the north by the main canal and on | 
the south by the Vaigai river, botween which all irrigation is conducted, 
so that a ready natural outflow for the drainage is provided. Tho total . 
culturable arca, according to a recent careful cstimate, is-— 


Government land commanded by main canal and _ ACB. 
branchos  ,, ve . e 1 ve 80,816 
Whole inam and zamin wet land _ -_ a 17,471 
Lands under Chittanai - oe ve - 1, 474 
Total .. | 98,761 


ee Meee 


r 


ee  , ee fe 


a) Penar Progr, sd 


— The retention of a number of tanks accounts for the deficit of 722 
from the original estimate made by the Public Works Departmont, and 
the subsequent estimate made by the Revenue Department was far from 
correct. Should the water in the Periydr be found capable of irrigating 
more, the tunnel can be widened and irrigation readily extended on the 
south bank of the Vaigai, but in that casc a new head sluice and 
distribution system will have to be constructed. It is, however, at | 
present too early to enter into any examination of such a prospect, 
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A siiaut reference is necessary to the possibility of utilising the Periydr 
water for the development of power. After leaving the tunnel the water 
flows in the bed of a torrent down the side of the hills before it roaches the 
comparatively flat country of the Cumbum valley, and there is an available 
fall of some 900 fect in a length (measured along the bed of the stream) 
of about 6,800 feet, The question of the utilisation of this fall was referred 
in 1893 to @ committoe consisting of Colonel J. Pennycuick, Professor 
George Forbes, Professor W.C. Unwin, and Professor W.C. Roberts- 
Austen. This committee submitted an encouraging report, together with a 
list of the objects on which the power could be employed. These objects 
were— 


Manufacture of carbide of calcium. 
Manufacture of aluminium. — 
Hiectric traction on railways. | 
Cotton mills. 

Electric lighting. 


In 1897 a pamphlet was issued by the Government of Madras, giving 
the report of the cominittee in detail, together with a note by the Chief 
Engineer for Irrigation, and calling for tenders for the purchase of the 
right of developing and utilising the power. Up to the present moment 
no tenders haye however been received, and it seems improbable that 
there will be auy immediate demand for the concession, 


TABLE I. 
Table showing Monthly Quantities put into the Main Dam above zero level, 





ee See, oe 
_ —— Tp 








- oe. 
a 

















| 1891. 1892. 1893. , 1894. 1895. 
Month. | es ns as —— - 
mac conie | Rabie | conan, ile] Conta cme | a Canta 
i : | | ——— 
cr FT. C. FT c. FT corn. |e Fr. : C. FT. : C. FT. C. FY. ! C. FT. C. FT. 
January ..- | 24,000 | 87,100 | 71,968 : 75,611 | 45,888 | 126,462 | 57,119 | 127,586 
February 2.00 «0 o ce . | 55,6701 92,4971 63,843 | 69,421 | 43,981 | 126,376 : 62,948 | 121/506 
March las ves - ves - 63,000 81,000 37,317 | 59,021 | 17,543 61,311 ; 114,784 
April rs " ve 36,999 | 24,640 7 | 
May wee - - bes lee 19,333 : | 36,417 | 35,443 , 2 
June ° | | _ | | } 
July 50,000 | 16,863 1,678 7,185 | 29,028 | 33,825 | 49,603 | 42,745 | 67,824 
August ee 16,000 | 53,000} 17,953 7,010 | 68,159 | 49,525 | 112,007 | 87,182 | 71,086 
September ... .. 27,000 | 36,000 [ 63,151 2,092 14,407 111,818 | 49,477 : 99,039 | 98,894 | 49,839 
October .1 12,000! 39,000} 57,466 / 22,5341 23,064, 119,984] 52,598] 104404} 52,523} 49,542 
November ... . 34,779 29,586 | 73,720} 72,223 34.406 | 114,207 | 63,135 | 185,546} 57,980] 27,302 
December...  «. «| 26,072} 97,858 | 74,105 | 84,8380] 40,382] 124,245) 55,902 | 129,286 - 


ppp a 





XIGNaedy 


a! 
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TABLE II.~- Rares. 
Rates for Hortar, Main Dam. 


: RA, A. Pz 

L parah surki powder ws oe we . 0 6 9 
2 parahs slaked lime - o. - vs 1 6 07 
$. g,)=|)s Ver sand - _ a we 03 0. 

| Mixing 4 parahs mortar obtained from fore- | 

roing o 7 ve vs a a 0 8 O 

Supervision and sundries .. a a ve 0 0 





Yor 4 parahs .. 2 8 0 














| For i parah .. 010 0 
fates for Concrete, Main Dam. 

: RS. A, P. 

100 oubie feet stone quarrying and stacking .. 6 8 0 

Carriage to stone-breakers - a 2 1 8 06 

i Breaking to 24” gauge vs we a 5 0 0 

& | Carriage todam ,, 7 ve - _ O 4 0 

Ad 18 parahs mortar as above 7 7” -» ail 4 0 

® | Mixing and ramming - - o we 4 0 

a Carpenters, &e.  .. ne oe 7 = I 0 9 

Supervision and sundries ., - ae - 0 4 0 

For 100 cubic feet ., 82 0 0 

fates for Uncoursed Rubble Masonry, Main Dam. 

> RS. A. Pz 

100 cubic fect stone quarrying and stacking .. 6 8 0 

Oarriage todam ue - 7 a 1 8 0 

18 parahs mortar as above ws - *,, It 8 0 

Building {piece-work) a. o# 47 of 9 § 0 

Supervision and sundries ., = 7 o. 1 8 90 

For 100 cubic feet .. 30 4 O 

For cementadd .. 47 0.0 


Norz,—Thoae rates ara normal, but do notagreo with the average for the main dam 
since much of the lattor was very costly owing to difficult situations, 


APPENDIX. 
TABLE IL.--Raras—eont. 


Rates for Excavation. 


RS. 

( Blasting "O41 a4 a 4 *F 1 0°66 
Drilling  .. a a ve ve a 4°63 
Carpenters .. - ve ve vs +e 0°29 


Carriage of materials a es - vs 0:16 
Removing spoil ., «a, _ a - 5°59 
. Smiths oF 4 aa + + + - 1°60 


Turbine os we os es ‘e we 0°31 
Extra for lead 7 - a - i'40 
Contingencies - i O - - 0°24 


| 14:36]b. gelatine .. 6. ne wee 2128 
2:11 coils fuse - te ve _ be 1°27 
11:2 detonators vs ve 1s es a 0°52 


Tunnel, north end, water power 


Stores i | ’ * * 4 4 | ’ a 10:00 
Tim ber a6 an #h6F*F * + * + 4 2°31 
Steel | af | ad * TF, * 4 * * 0°25 


For 90 cubie fect = 1 foot run .. ts 


465 


R&. 


14°58 


23°07 


12°56 


50°21 





Notz.—Thia does not include primo cost of machinery or turbine channel, or 


Tunnel No. 2 shaft, . 


reservoir, 
Rates for Hxcavation. 
RS. ” 
Blasting .. us oe ba v _ 0:54 
Drilling .. vs - me a » 11-54 
| Removing spoil .. - Le “ »» 10:00 
# | Smiths .. teas vs ve ee 2°04 
& | Maintenance of machinery  .. a 7 0°48 
" Carriage of materials .. ee ve re 0-12 
& | Carpenters - tea - 7 1:08 
” | Extra for lead... - a - 1. - 850 
Contingencies ., Os oe va ve 1:18 





L ie, 


Rs. 


29°68 
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TABLE II.—Rarzs—cont. 





Hates for Explosives. 

(13°80 lb. gelatine - - 
P | 2°33 coila fuse ., as oe os 
3B 10°41 detonators ,, ms a a 
2 
ae : Fuel 
a 1 Timber ve ; 
wT gy < 
“ : | Stores - . 
os 2, | Steel R 
@ 
a | 
5 
a 

For 90 cubic feet = 1 foot run .. 


RS, Ra, 
20°09 
1°38 
0:49 
21°96 
17°80 
2°31 
10:00 
0°25 
30°36 


e- 82°00 


ee 





Note,—-This does not include prime cost of machinery or communications. Hand 


power about the same as above, 





Fates, 
(Blasting ., 
Baling 
¢ Carpenters Os a - oa 
Seba Cooliss ,, - re 
‘ eg Drivers and stokers ae ve 
54 | Smiths .. ws _ ws - 
ft: Fuel - vs a ve 
. “| Timber ., vs 
= = 1 Steel - - - o vs 
Ee E: Removal of rock (piece-work) .. - 
Pq 
| Total .. 
\ 


RB, 
2°15 
8°00 
4°00 
3°00 
435 
4°26 
an 4'00 
- 2:00 
ae 2°26 
.. 80 to 90 


114 to 124 per 1,000 





Rates for Transport of Limestone. 


Ropeway up ghat per 100 cubic feet 
Canal, 6 miles 


| ’ | 


Quarrying and carting, 8} miles to canal. 


Do. Do. 
Notzr.—The baling refera to hand baling only. The 
pumping and raising spoil. 


14 miles to kilns... 


cubic feet. 
AS, A. P. 
oe 5: ee 
ve 4 4 0 
16 8 9O 
27 8&8 O 


engines were applied to beth 
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TABLE II.—Drsrrizvrion Works, 


Rates of Labour or Material. 


Maistry 7 a 
Stone-cutter es a 
Cooly man 


Cooly woman 


Cooly boy .. - - 
Picottah man 


Bullocks (pair) 


Burnt stone, quarried and stacked 


Stone slabs, roughly aplit .. 


Palmyra rafters 
Vengai wood os 
Clearing light jungle 


Olearing prickly-pear 
Blasting rock 


Earthwork 


Earthwork in stony ground 


Turfing, including watering 
Concrete... 7 


Brickwork, in clay 


Brickwork, in mortar 7 


* + 


Ra, 


15 
20 
() 


cr co Oo fF Oo FF S 


14 


ES 


14 


16 
10 
21 


A. 


0 
to 
0 


8 
to 
12 


Pn ot _ 
om 2°95 co YP Bw © 26564 Cfo Oo we eH Dh 


a 


= 
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a 


P, 
0 


| per mensem. 
0 


0 
per day. 
0 


0 per day. 
O do. 

6 = do. 

0 do. 

0 do. 

Q per 100 cub. ft. 


0 
du, 
J 
0 
| per 100, 
0. 


0 per cub. ft. 
6 ,, 100 aq. ft. 
6 ,, do 


0 ,, 100 cub. ft. 
(solid). 


0) 


0 
| 
0 

0 per 100 cub. ft. 


O ,, 100 sq, ft. 
0} 


per 1,000 eub. 
ft, 


do. 


} po 100 eub. ft. 
0 
do. 


O 
0 do. 


168 . 


APPENDIX, 


, TABLE II.—Disrrisvtion Worxs—cont. 
Kates of Labour or Mater:al—cont. 


RE. A. P. 
Ashlar, in mortar .. ve i «» 1 & Oper Lf cub. ft. 
Coursed rubble, in mortar ve .. 20 0 QO ,, 100 oub, ft. 
Coursed rubble, in mortar, archwork ., 23 0 0 ,, do. 
Rubble revetment .. ee ee » 10 8 O,, do. 
Plastering .. - oe ve » 2 8 O ,, 100 sq. ft. 
Pointing .. - 1s ve 8 0, do. 
Whitewashing - . = . O04 0,, do. 
Tiled roofing e oe oe .. 14 8 O,, do. 
Teakwood, wrought and put up, small .. 3 8 QO ,, 1 cub. ft 
TABLE IT. 


Cet et 


_— 
om OS pe 


Lisi of Floating Plant, 


steam-tug, 60-H.P. 
. 35-H.P. 
., 15-H.P. 
oillaunch, 8-B.H.P. 
floating, 400-ton, Priestman’s steam dredger 
y 100-ton, locally-made , 
50-ton wooden barges. 
20-ton steel barges. 
35-ton wooden barges. 
30-ton " 
20-ton » 
15-ton 9 
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TABLE IV.—Rarw Recrsren. - 
Rt ff 





1888, 
| month, | b ; g | 8 18 
A e | 4 - q 2 = q 
Pi) EIE| Bl] wale jen} By FE] 38] 2 [8 
Sjeijalaetla)68)]2),4/]/81s |24ije4 
1 ‘60 | 1°10 7 | ‘374 °33 30 | ‘35 
2 ‘90 | ‘85 75 | ‘OL {| 02 62} °35 
3 751220] .. | LOB] -‘os] a. 941} 90 
4 ‘gc | ‘90 ] °45 | ‘lod... 10 | 24 
5 140] 1:75 | ‘25 | ‘50 50 
6 110} 120] 100] ‘O71... 
7 - vo | 180} 40} “201 ‘o2] ... - 
8 ‘12, 40 | 210] 350] ‘851... - 1:00 
9 OB] ow. ‘95 | 170] V8S | OB]... 75 | 13 
10 1°85)... 75) 80) 125] ‘24] .., - 70 
ll ‘57, 751120} 105] be] °38 | a7]... “73 
12 ‘85 | +40 | o-75 30 |... 03 | 
13 60| -GoO] 210} -05 1°47 
14 1:05 | 180] °80] ‘12! .., 13 | 1-07 
% wt. luedo. | 0] as] 90]... 26) «B71... see dw 
1600 Pee de | 75 | oes | 70] a6 t 04] 4a] oo] |] 208 
17 75 L10} ‘15+ °O2] 18 
18 95 704... 25 | 1:90] -07 
19 . 60} -o2| °35] +10 
20 25 | 75 1 ‘20 20 23 
21 80} 05 | ‘05 | °75 26 
22 70 |... 05 | °85 ) 135 
23 40| -po| -054) -27} 10 | “76 
24, 55 ‘45 | 02 | “15 
25 85 18 | 24] ‘05; 36] 13 
26 35 40|/ ‘15| 12] ‘08! -231 ‘Ba 
O47 65 190] ‘18; 14] ‘04 1) 138 
28 35 G8} 25] -l6| -25| ‘201 «Is 
29 35| 15 | 64] ‘651 07] °388) "BS 
80 45] BO} ‘13 4} +45] ‘Bol -20 | -93 
31 30 15 | 08 25 
Totalfor} ... 1... |... | 975 [17-95 [27°53 11428 | 755 | 959] 56s | 545 | 3°65 
month. 
Ne i a et er 
‘Total for 1888 ... 100°73 
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| TABLE IV.—Ratn Reoisrer—cent. 
i a 























1889, 
| ; . . 
ee ed Ji agl ial 
5 a "2 rs . ra 7 g 2 5 B 
§ 4 = ay a a > = fe 3 3 D 
— Fy a — en KS = <1 oO QO rat A 
1 35 | 80] -15| ‘207 ... 04 | 
2 28 20+... 25 1 "HO! Wy. 
3 20 ‘B80 1 05 ‘80 08 | 1°30 
4 60/ 30] 60} 10} -20| ‘07 {| ‘364. ‘a7 
5 85 1°15) 20!) 30] 18!) ctad a. 
6 . - 251) +451] *O5 |] ‘B33 ] ll 
7 85] ‘35 | 2554)... ‘08 | -28 
8 80 / ‘65 { °30] “15 | 115 - OB]... 
9 | wl, ‘35 | ‘pol 451 “BOT... 40[ 
ee ee ee ee ‘60 | ‘601 ‘251 van]... OB}... 
Wooded dado. 55 | -25} ‘so! 5] 50] cigl... 
Woot gu Pd, 7 25, 160} 10; ‘OB | -25 
13 05] 05 | 15] ‘s2] ‘S4]... 
a 55 | 05! 15] 4] 84a] 59 
15 ; 50| -90{ ‘20| ‘24] 15a] “58 
16 451 170| 25] 128) 14of ... 
17 . 30 | 150 | -7o| B15) real 31! ... 
18 551130] 170 | -85| 220] 69} ‘1414 ‘07 
19 cede boo .. | 125 | 203] ‘65 | 151] ‘201 +34 } 3-15 
20 7) rn ee va SO]... 40} 39] ‘lo; ‘Ol | -20} 
21 y/o - 30]... 65 | B71... ve [| LI 
22 219) SO}. 25] 05! 80} ‘05! ‘oot .. ta. 
ee AW - - A 55] 20] OSE .. | a. 
24 255) |. - 18 | -05 | -25 - 
25 2301 - - 10! oot... 42]. 
26 | 300]. ‘35 | 70! -90/ og] .2 fea]... 
27 2101. 251 ‘28! G5} 10}... ‘Od 
28 20) *80/ -638] -65| ‘la | “154 ‘20 
29 ‘O2} 15], 951 +25] ‘201 -op 
30 ‘O41 50]... ‘05 | 05} ‘lo; ‘ol 
31 ‘Od... A, - 705 | °10 
Total for} ... ]1°23/ 2°77] 1420 | 5°23 [11°80 [1415 [1415 [11°35 11065 | 4:89 |3-Bal 
month, 
i po ee oe 








1 


_———__ 
| ! Total for 1889... 93°97 
| 





—eo eS Br ee tee ee ie ee = 





APPENDIX. 171 


TABLE [V.—Rary Reaisrer—cont. 


ee a ee ee en a, 


















1890, 
Lk | 8 {| & IB 
Als | & So: = = rs 2 o 6 © 
> tm} ei a le a hs < wh © aA | 
| 
I . 18] 20] -22] oO! 36 
2 18 16 L 04]... 
3 18 32 os | ‘Ol; -08| +15 | -og 
4 44, .. a. ‘35 | 06] ‘18 | +20] -O2 
5 ‘W ap... ‘43 | 361 02!) con] -24 
6 19 05 |... ‘34, | "20 OT}... 
7 Wi 10] ‘35 ] OT]... O35} 3 
8 05] +18 30 | 150] ‘02! ‘orl oo fy. 
9 50 041-24 20/ ‘25! -sal -o4] ‘og | -v2] ... 
10 ‘09 14| ‘cal vol 69] ‘95 | -o4l ... 
lb. 253 | 25] ‘19 | os} -se ft -o2! -oy 
12 7 ‘21 18]; ‘hF 406} ‘08 | ‘07 | ‘01 
13 A 7 ‘41 | 24] +193 ‘28] ‘os | -og 
14 115; -03] ‘99 | -s2| oa! -z0!l ‘36; ... 
15 . | Lis] 05 | lu2] 54 4] 47] -O4!] ... 
16 {10} +37 47 | ‘02 19) 4a] cor! .. 
7 7 155| ‘oo | ‘os! cin]... - 
18 ‘Odi... 04], °70 22 01 ‘04 : | 
19 35 | ‘53 |] 52] 16] ‘Io ‘32 | | 
20 opt ou. tow bagadoo doo. boa, c 
21 vol oo. | ow. | bas? coz]... 30 [| ... | -og 
23 15} ‘o7 | 106) Lil]... O05; ‘65 f of. 
ag a 139 |... ‘31 [100] ‘o9} -O6-| -12| -o1 
24 39 - 04; “FO! cer] «col cae | 
25 29 1g} ‘02 09} 1a { -O1!] -35 
96 - | +20 15 . | Bef odd tomy da. 
27 ‘24 | -48] -065/ ‘O5] Dba! |. |... 
28, 18} 1-50 | 33) 021 “Of | ‘17 | Bde]... 
29 | 81] 10} 26] OL} 14] as]... 
30 | OF [ LOL} ai]... ‘20 | 40}... 
31, | ‘21 24 
Total for} °50| -81/2-701 $16 138 | 990 111-60 | 5:58} 331 [1058 ! 2-33] 35! 
month 7 








Total for 1890 ... 57°85 | 
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TABLE IV.—Ram ReEamsTeER—cent. 
































7 1891. 
Dey ot | |g | | F g |: 
ww TB gle | |3 > —£/2/ 3 )% 
gS1S/ BIBI E| Sl PIEl 2) E 18 
s|s ia <j =| = 5 “ in Oo 4, ‘any 
| 
I . =| 7 45} -78| “15 | ‘O41 -57 
2 1. 1 Os). - 14} ‘84]) £5} oo | ‘641 1°01 
3 ~| | coal . o3| ¢ol 7s | so} 35 | ‘361 152 
| 4 wt. 03, o6 | 93] ‘soi 46] -80} +53 | 75 
en en 41+ -43| ‘oo | 14] “13 | -B6 
6 ‘Of 40] 11] -45} ‘67 | -o3 | ‘49) ‘09 |] 12 
7 ‘OU 17] 19 |... ig | ‘ool ... 03 | °31 
8 . “04 30 | ‘op | 65 | OB) .., 04] ‘06 
9 Ol]... fo. ‘70 ‘O06 | 2°55 09] .., - ‘Ol|] ou. 
10 n | 20| -o6| "77 |... 10} ‘ol! -03| -84 
11 10... - ‘OL | 1:22}; 14] 10]... ‘60 | “40 
12 | 4-29) 20) 12 92] ‘15 | 13 |... 73 | Od 
13 ‘0 ‘1} a _ sz "10 _ 23 20 *4) 
14, al. . 5 | 06] ... 05 | 49] -12 
15 | , wtow, | OS]... ‘444 OL] 41] 60 
16 115 10 ‘5g 59} 40 
17 oa ‘a9l 1:45 15 16 | ‘lo| ... - 21 ° 
Woot |. wf. WO]... - 02 | ‘OF | °42 
190 fe bee de be J Sef ota | 67 | cog] ou. | +28 
29. | 05} 03). |. ‘l} d41194| art... ‘90 
a1 10 4 o7| 401 ‘05 | 188] 13]... 82 
29 04. ‘25 96 | ‘1a | 1°96 ‘O71 oa, 77 
23 aa | ag]... 54] 140] 'B4] ... ‘40 
24. ‘ost | -o9 | -oa} 29] “8a ] a9]... 
25 a . | chi] cri | °16} 807 5B]... 23)... 
26 Sloe bee f LO}. yo} 24) 22]... 20) -33 
27 too). es} cos | 03 | 00] 08 | cor] 46]... 
28 vor{ .. | 6] 771 ‘io| ror] .. | 04 
200 fod |. | 08} oh} 58 1 86] OT]. | 67) OL 
30... |e | ee fe | IT] te | 80] 22] 63 T.. ‘06 
Se ees ee Oe 151 ‘os |... 73 
Total for! ‘16 1:64) 281) 351 | 2-94 |19°92 [17-12 | 5-09 | 1:85 11260 | 7°13 [0°36 
month, tot ft, 
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1892. 
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TABLE IV.—Raw Recister—-cont. 
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‘wequmiaydag 
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‘AGH 





quad y 


"qoreyy 


“Areniqag 


‘Arenuerp 





Day of 
month 


—— ee ee ee 
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ce ee 
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7 > 
WwW orl ue 
a oO an fe] 
a3 & TF & = 
a S37 Oo 4 a) 


om 2 in 
oN oT 
im oa 1. ee ro 
~~ oS =~ oo im 
ch} nD 
oT r= 
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mec] Sf Fat © ff. 
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om & we 
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ae 
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59°58 





Total for 1892 





‘OI °43 


; 


Total for 
month, 


we ee ee — ee r 
a 
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Cl el ee 
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TABLE IV¥V.—Ramw Recisrern—cont, 




















f 

| ° 1893. 
\ . — i ) 
month. Ly | Pr | | a g Pe 8 8 
glelé;e)eiel]e/ B12 )2/ 2 [3 
eic|2/B |S El S| EP) ELSE 8 
: a | m& | 3 << = Ky m | <a i ad va] 

| | | | 
1 7 ede fe 06 | 4. | 60; 805} “18 271 18 |... 
| 2 | ” |e! “40 | 290; vor} .. | as]... 
| 3 rep pce bs | : ‘27 jb ‘£0 ‘01 i Cn ee 
or ee ere ere ee ve 17; ‘OS | ‘85 | 85) “65) .. |... 
(Boba. wf Ub} ow | BaP BE] ee | ee | ae | cB] IB TE ... 
LG wf en | 28] ea} 109] 48} 09} 12] 44] cae fou. |. 
| 7 ola fae | 02) C2] 15 | 021 26) 45] 09] 13] “41 ] ... 
I 8 ” ef aeedie | 27 115 | cdl] 62 ¢ 22] a7] 4a ]* 66 To. 
PQ WO fe 20) 124]... ‘17 | 09} 16) ‘60] ... 
| 10 | o7 | 241} aol .. | -g2} a2] caal.. 
WL 06 | 31] 28} .. | 48} 27) 10]... 
| 12 . | 48] 23 f 02] 538! we] ceed... 
| w | 88d. | mB] 80 | 175] +33 


GH of ee a ‘35 | 165 


* oD - 
=I 
ph 
at | 


Bl... 25 OF "05 10 be "04, "40 


- 04, a 
So. OB | oa. 07 | 2B}... _ ‘08 
29 | 


TL] oe. "45 "48 "16 OO] "13 "08 





j 
t 
| 
113 
eee eee ee ee es} ao2l .. too. so | 1:09 | “45 
Boe bee dae base | oes to} ez!) +25 |... 19! -6l | °38 
16 ele | we fee dose foe | 880] BO] OL] C.. 36} “15 
| 
: 


' Total for! '88/1°78;| °911 °71 1 789 |1266 | 888; 967) 3°87 [10°25 | 5:33 


month. 








_—_-_— 2 yo eect tt tc 
Total foy 1893 ... 62°38 





i mm 
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‘ _ TABLE IV.—Ratn Reoistgr~cont. 





* 


1894, , 








Day of 
| month, 





September. 
November. 
December, 


1 ‘s7]-.. | oz] 5] cor} 20] .. | 65] -18 
D hd oe dour [oe + 02} OBE w. | aa] 60 f... 
3 oa}... | a7]... | oz} vas] cas] ou. | -4e@} a5} ae 
4 pl... -rer | cay} -og} a5} vas}. towel ou. ba. 
5 wl ee bo | cae} tof cag bo poe Pes on. 
6 afloat | 0B] 77 48; Tio} os]... | ote | te 
» «|| eed ae | tO} .. | so} 03} Bs] 30] .. 1 vest... 
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Millions of pubic feet, 
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* The dischargo dering these months will exceed 4,000 milliong of cubis fest, ) but 
& portion may ho lost by diachgrge over the oscape. 
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Preagure, on dam, 19, 25, 

Progress, of main dam, 164. 


R 


Railway, 31, 51, 112, 
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T 


Tank beds, sale of, 152, 185, 160, 
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Traction engines, 29, 61. 
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Transport, 29, 60, 67, 112. 
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Tunnel sluices, 105 
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- Vadagarai channel, 5, 140. 
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Water, drinking, 123. 
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Water-rate, 149. 
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Weir, measuring, 104. 
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